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ABSTRACT
As the electric utilities face ever increasing peak power produc-
tion requirements, (mostly from the commercial sector) scheduled "time-
of-day" pricing schemes have become imperative. At present, most con-
servation strategies for commercial buildings focus on the reduction
of energy consumption orchestrated (justifiably) by the expense of
electrical energy for lighting and cooling which dominate their loads.
However, these conservation schemes, such as higher efficiency lamps,
various glazing techniques, etc., do not alter the time of consumption
nor do they utilize the lower off-peak electrical rates. The results
are as before; high energy costs due to peak (daytime) consumption, and
projected savings from the various conservation strategies are over-
shadowed or not realized.
This thesis investigates a decentralized off-peak cooling system
for commercial office buildings utilizing the structural mass as the
thermal storage medium. The system incorporates an exposed concrete
ceiling slab cooled at night with imbedded chilled water pipes and tak-
ing full advantage of off-peak electrical rates.
The ceiling/slab - waterpipe system is modeled via two-dimensional
finite difference methods for transient analysis. The sensitivity of
the system to pipe size and spacing, internal loads, water temperatures,
and surface geometry is assessed. The analytical results suggest the
potential for application, however, additional research must be under-
taken to investigate the economic implications of fabrication and to
more adequately determine the effects of non-planar surface geometry.
Thesis Supervisor: Timothy E. Johnson
Title: Principle Research Associate
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"For what do you hunger, Lord?" Moneo ventured.
"For a humankind which can make truly long-term decisions.
Do you know the key to that ability, Moneo?"
"You have said it many times, Lord. It is the ability to
change your mind."
Frank Herbert
God Emperor of Dune
p. 73
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1.
Introduction
Most people don't think of buildings as "organisms." An organism
is defined in Webster's as "a complex structure of interdependent and
subordinate elements whose relations and properties dre largely deter-
mined by their function in the whole." It is easy to see these inter-
dependent relations in the animal kingdom where lifestyles and, fre-
quently, metabolic processes are altered to cope with climatic changes,
achieve comfort, and survive. Birds will fluff their feathers to trap
more pockets of air next to their body for increased insulation; mammals
will do the same with their fur and many can change their fur density
depending on the seasons, such as with shedding. Mammals also store
food, sometimes in the form of excess body fat to last through the win-
ter. Many cold-blooded animals, such as reptiles, unable to sufficient-
ly control their body temperature internally, will follow the sun like
clockwork, staying well shaded in the summer and seeking the sun's warmth
during the winter. During both seasons many reptiles live underground to
take full advantage of the almost steady-state environment there.1,2
-11-
The animal kingdom is not alone in its interdependant relationships.
Such descriptions can also be applied to buildings. Processes and pat-
terns change depending on function and season. Most of the "metabolic"
control comes from the mechanical systems designed to maintain the ther-
mal and visual environments in which people must function. The people
also influence this environment with their own metabolic system of bal-
ance.
The harmonious interaction of these two organisms, building systems
and people, it is the ultimate goal of the designers, engineers, and
others who bring a building to life.
-12-
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2.
Energy Use In
Buildings
2.1 How Buildings Consume Energy.
The function of a building defines its metabolic requirements: to
provide a place for people such that, when in use, a comfortable environ-
ment is maintained. The building should respond to the physiological
requirements of its inhabitants: heat when they are cold; cool when hot;
moisture when dry; etc. Sufficient illumination is another physiologi-
cal requirement and is defined by task. These are the main requirements
of the mechanical systems of a building. This is no easy chore.
Consider even the simplest of buildings - four walls, a floor and a
roof. The environmental requirements are multitudinous. First, light
would be needed, as the walls are opaque. An opening or two in the walls
might sufficiently light the room during the day. Depending on climate,
the holes might need a transparent covering to keep out the "outside."
The walls may also be insufficient to shield the inhabitants from the
weather. Maybe they are too thin or highly conductive. Even with good
walls and windows comfort may not result. If the air temperature is too
-14-
cold, a heat source may be needed, and if too hot, a heat-remover might
be needed. Even with a comfortable air temperature achieved it may be
that the air is too dry and/or stale so moisture and fresh air are re-
quired. As the number of people using the room increases, the require-
ments of the mechanical system increase. More cooling may be required,
more light, more fresh air, more windows, etc. Even this most simple of
buildings demands a complex system which, to operate, requires energy.-
Buildings consume for heating, air conditioning, lighting and power
more than 33% of all energy used in the United States, the equivalent of
10 million barrels of oil per day.! The building structure (walls,
windows, roof) and the passive components of the mechanical systems
(ducts, pipes, reflectors, filters) do not directly consume energy, but
they do influence the amount finally consumed. The boilers, compressors,
motors, and electric systems consume energy to meet the building load to
maintain the desired indoor space conditions.
2.2 Energy Consumption and Building Type.
Each building is unique in the way it consumes-energy. There are,
however, general classifications and patterns that can be mapped for com-
parison. Figure 2.1 outlines some typical building types defined by
2
their various functional schedules such as occupancy, lighting, etc.
As noted earlier, these "functional" aspects of buildings directly in-
fluence the type and magnitude of their energy consumption. Figure 2.2
profiles a few building types and the consumption patterns associated
with those types. Here it is important to note that the single most
sensitive determinant of a building's energy consumption is how the
building is used. The daily profile of a building's energy requirements
follows harmonically the schedules defined by the hours and frequency of
operation. This "harmony" provides one of the basic foundations for the
arguments and concepts presented here.
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"What runs most of the time and typically at full load? Prime
examples are lighting, fans, and pumps. In many buildings the
fans and pumps use more energy in a year than the chillers do.
"While such statements may sound obvious, their reality is of-
ten ignored in many studies and projections of building energy
use. Comparisons of buildings on the basis of installed ca-
pacities of HVAC, lighting, and other electrical equipment can
be misleading, because the quantity of energy used is not neces-
sarily related either to design load or to installed equipment
capacity."
This is not to belittle the importance of the HVAC system and types,
boilers, glass, insulation, and chillers; merely to put them in perspec-
tive.
A prime example of this perspective evaluation is found in "How and
Why Buildings Use Energy," by Lawrence G. Spielvogel in Energy Conserva-
tion Through Building Design:
"The function of the building determines the energy-consuming
equipment within the building, and secondarily, can influence
the heating and/or cooling system type and thereby its energy
intensity. [Table 2.1] shows the range of energy budgets in
identically constructed stores in an enclosed-mall shopping
center with identical hours of operation."5
TABLE 2.1
Energy Usage in a Shopping Mall
Btu/ft /year
Auto center 74,000
Department store 114,000
Department store 102,000
Variety store 100,000
Restaurant 409,000
Bank 131,000
Drug store 129,000
Food market 205,000
Dry cleaner 688,000
Book store 104,000
Doghnut store 326,000
-18-
2.3 Weather.
The magnitude and order of these consumption patterns are also in-
fluenced by climatic conditions. Two identical buildings with identical
use patterns can behave totally differently simply due to the weather.
Again, as with organisms, different stimuli can produce different reac-
tions, and decision-making about building types and systems are directly
tied to the weather.
Several studies have demonstrated the sensitivities of various build-
ing configurations to parametric changes. Computers have provided the
ideal forum for these analyses. One such parametric study, conducted
by the author and James Rosen in 1980 compared the effects of weather,
among other things, on the energy consumption of a typical office build-
ing modeled with the DOE-2 computer program.
The base building was modeled with schedules of occupancy, lighting
and equipment operations typical of those found in commercial office
buildings. This building was square (120 feet x 120 feet) with precast
concrete wall panels and four foot high strip windows encompassing its
entirety. The perimeter zones were 20 feet deep and were conditioned
by a conventional four-pipe fan coil system. The core was modeled as
having a constant volume system with ceiling distributed air supply and
using the plenum for return air.
This building was then subjected to different weather conditions
via weather tapes for Boston, Los Angeles, and Phoenix. The sensitivity
of the electrical consumption is shown in Fig. 2.3.
Configuration is also an influencing factor in a building's weather
sensitivity. Consider several buildings of the same volume and floor
area as in Fig. 2.4, and how the different geometries can cause these
buildings to respond differently to climatic forces such as wind and
solar radiation.
-19-
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Obviously as the building morphology becomes more complex, such
as U-shaped, the sensitivity to climatic stimuli can change dramatically
and these changes may be manifest as shifts in the consumption patterns.
To more accurately reflect the consumption patterns of various building
types and configuratin it is necessary to discuss the specific type of
energy consumed and where in the "building system" the consumption
takes place. This requires accurately defining the building's bound-
aries.
2.4 Boundaries for Analytical Consideration.
A further delineation of energy use in buildings is by consumption
boundaries. Utility bills, for example, are based strictly on the energy
that comes through the building envelope, or, the building boundary.
This is a measure of purchased energy in terms of gallons of oil, pounds
of coal, cubic feet of gas, or kilowatt hours of electricity.
Oil, coal and gas are raw fuels typically converted to heat by on-
site conbustion, known as primary sources. Electricity, however, is a
secondary source in that the raw fuel conversion for the production of
electricity takes place (typically) off-site. The conversion losses are
not as obvious as those of the primary source usage. In considering
electricity and efficiency, the building boundary must be extended to
include the central electric generating plant.
Ultimately a discussion of energy usage would have to include the
efficiencies and losses in mining, drilling, pumping, refining and dis-
tributing the energy to the building consumer. These issues define a
much larger boundary, greatly influenced by national policies and world
supplies. For the most part, only the first two boundaries will be ad-
dressed here usage.
Table 2.2 illustrates the end-use energy demand for 1977. Note
that commercial buildings account for approximately 24.3% of all elec-
tricity.
TABLE 2.2
END-USE ENERGY DEMAND POTENTIALS (including no renewable contribution)
(Quads* of Oil Equivalent)
1977*** 2000 Potential
Sector Fuel Electric Total Fuel Electric Total
BUILDINGS 13.2 13.4 26.6 5.5 12.3 17.8
Residential (8.8) (7.8) (16.2) (3.8) (7.1) (10.9)
Commercial (4.7) (5.6) (10.4) (1.7) (5.5) (7.2)
INDUSTRY 19.8 9.3 29.1 18.7 10.7 29.4
AGRICULTURE 1.3 0.3 1.6 1.4 .3 1.7
TRANSPORTATION 19.5 --- 19.5 12.6-16.5 ** 12.6-16.5
Personal (15.1) --- (15.1) (6.9-10.5) ** (6.9-10.5)
Freight (4.3) --- (4.3) (5.7- 6.0) ** (5.7- 6.0)
TOTALS**** 53.8 23.0 75.1 38.3-42.2 23.7 62.0-65.9
*One quad per year is approximately equal to 500,000 barrels of oil per day.
**Aggressive rail-electrification and electric-vehicle programs could create between
.75 and 1.15 Quad (primary equivalent) demand for electricity in the transportation
sector, with the displacement of .46-.76 Quad of petroleum (fuel) demand.
***1979 Total Consumption was roughly 79 Quad.
****Not including about 2 Quad of fuel saving possible through cogeneration.
() = Not additive within end-use sector.
I")
(6)
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2.5 Commercial Buildings.
2.5.1 Definition.
Specifically this thesis focuses on one particular building type -
commercial buildings - and more specifically - office buildings.
Tall, glass-faced, sealed commercial buildings have become an iden-
tifiable building type with standard equipment, construction practices,
design practices, and physical components. Increased emphasis has been
placed on speeding the time-intensive design process rather than exploit-
ing the benefits of individual building components integrated with the
local climate and site. The "total control" interior environments which
characterize this building type have placed added importance (and size)
to the various mechanical and electrical systems. It is important here
to further define commercial buildings in terms of their energy use pat-
terns, as suggested in the previous chapter, and in terms of their con-
tribution to the production requirements for the electric utilities.
"Electricity use in the commercial sector grew-at a rate of
9.6 percent per year from 1962 to 1972, increasing faster
than either the residential or industrial sectors during the
same period." 7
Obviously the increased energy sensitivity of the last decade has
altered this growth substantially, but before dealing with magnitude, it
is necessary to scrutinize how commercial buildings use energy.
2.5.2 Patterns in Commercial Buildings.
As shown on page , the usage patterns of office buildings are con-
sistant and recognizable. The buildings are occupied almost fully from
8 A.M. To' 5 P.M., the lighting is on almost fully from 8 to 5, the ele-
vators are most intensely used in the morning and evening and hot and
cold water demand is nearly constant during the day. It is important to
-23-
note that these patterns correspond almost exactly to the peak demands
placed on the electric utilities. ,10
These buildings are also characterized by large lighting loads, es-
pecially in the windowless core zones of the buildings, and the large
cooling loads due to the heat gains from lights, people, office equip-
ment, and solar gains in the perimeter zones with windows. Figures 2.5
and 2.6 show a comparative component breakdown of energy consumption/
electrical consumption in a typical commercial building.ll
12
Figure 2.5 shows three component breakdowns of a typical large of-
fice building. The analysis shows energy savings potential with ASHRAE
90-75R component requirements and with complete energy redesign focus-
ing on absolute reduction of end-use requirements. This breakdown and
a discussion can be found in the April 1982 edition of Progressive
Architecture.
ORIGINAL ASHRAE 90-75 REDESIGN
Fig. 2.5. Component Breakdown of End-Use Energy in a Large Office
Building (Source: PA 4/82)
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Figure 2.6 illustrates the magnitude of the electrical component
of the energy use in office buildings. Noticing the relative size of
the lighting, cooling and fan portions of this breakdown, it is easy to
see why these have been the focus of many energy-conscious design
schemes.
Annual electricity consumption (MJ/m2 Floor)
1000-
Non-Services
13%
750- Refrigeration Lits 2%
10%
Pumps 11%
500- Fans 17%
250- Lights 47%
Fig. 2.6 Electrical Components of a Large Office Building.12
Table 2.3 compares the energy use in a typical 6 and 50 story of-
fice building. 13,14 In the 6-story building electricity accounts for
approximately 37 percent of the total on site energy end use (assuming
33% conversion of efficiency). In the 50-story building, electricity
end use approaches 80%. This is due to increased requirements for fans,
pumps, elevators, cooling and lights. Note the minor heating load in
the 50-story case.
2.5.3 Lighting in Commercial Buildings.
Note that lighting is one of the largest single end uses of elec-
tricity in the commercial sector. 15 The increase in light levels that
has followed the growth of the building industry is partially responsi-
ble for its present energy woes. Not only does artificial lighting di-
rectly increase the demand charges of a building by direct electricity
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TABLE 2.3
ENERGY USE IN A SIX-STORY BUILDING
[BER= 225 KBtu/ft 2 ;'2.55 GJ/m 2](a)
MBtu/yr GJ/yr
Fuel (33%)
Heating
Hot Water
Electricity (67%) (b)
Cooling
Lights
Office Equipment,
Fans, Pumps, etc.
Total
9,217 9,715 (32.4%)
422 445 ( 1.5%)
3,204 3,375 (11.3%)
9,387 9,849 (33.0%)
6,222 6,555
28,452 29,984
(21.8%)
(100% )
Notes: (a) 11,700 m2 (126,000 ft2 )
ENERGY USE IN A 50-STORY OFFICE BUILDING
[BER = 268 KBtu/ft ; 3.05 GJ/m ](a)
MWh/yr GJe/yr GJ/ye(b)
Fuel (20%)
Heating & Hot
Water
Electricity (80%)
Cooling
Lights
Advertising &
Display Lights
Elevators
Pumps & Motors
Fans & Air
Handling Equip.
Miscellaneous
(Office equip.,
etc.)
Totals
-- 56,880 (20. %)
3,800 13,680 41,040 (14.5%)
9,300 33,480 100,440 (35.4%)
1,300 4,680 4,680 ( 4.9%)
1,900 6,840 20,520 ( 7.2%)
700 2,520 7,560 ( 2.7%)
1,700 6,120 18,360 ( 6.5%)
2,300 8,280 24,840 ( 8.8%)
21,000 75,600 283,680 (100% )
Notes: (a) Area is 93,000 m2 (l,000,000 ft2 ).
(b) Includes conversion of electricity at 33%.
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consumption, but it also contributes substantially to the building's
cooling load, another on-peak consumer. Many conservation schemes ad-
dress lighting and the various efficiencies associated with it. Figure
2.7 illustrates two such schemes and shows the changes in lighting effi-
ciency and heat generation associated with them.1 6
The electrical consumption of artificial lighting is best illus-
trated in terms of power density. Figure 2.8 graphs various lighting
lamps and fixtures illuminating capacity against power density. 
1 7
comparison, a recommended goal for total power density in a new, energy
2 18
efficient building is 2 Watts/ft .
Figure 2. 9 illustrates some of the effects on energy use by sub-
stituting natural lighting for artificial lighting in various building
configurations. 19 This phenomenon is well documented
20
,
2 1
'
2 2  and
daylighting has come to be one of the most popular and effective energy
conservation and power reduction requirements. Coupled with these new
lighting schemes are re-evaluations of the necessary illumination levels
for various tasks. Some suggested illumination levels are tabulated in
Table 2.4.23 ,
The brevity of this discussion on lighting in no way reflects a
lack of the subject's importance. Any concerns with energy use in build-
ings must be coupled with an active investigation of lighting systems
and strategies, and their overall effects on the building energy consump-
tion, load profile, operating costs and initial costs. This discussion
is to briefly inform the reader of the non-subtle interaction between
the lighting and cooling systems of a building, and to aid in the under-
standing of this interaction when the proposed cooling system is presented
later.
Before discussing the commercial building systems further, it is ne-
cessary to outline the role of the electric utilities in the overall en-
ergy picture.
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2-
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10 20 30 40 50 60 70 80 90 100
Maintained Footcandles
A Indirect, incandescent filament (silvered bowl)
B Direct, incandescent filament (with diffuser)
C Direct, incandescent filament (downlight)
D General diffuse, incandescent filament
E Direct, incandescent filament (lens)
F Direct, incandescent filament (industrial)
Indirect, fluorescent (cove)
G Indirect, fluorescent (extra high output)
H Direct, fluorescent (extra high output) (louvered)
I Direct, fluorescent (louvered)
J Luminous Ceiling, fluorescent
K Direct, fluorescent (lens)
Direct, HID (mercury)
L Direct, semi-direct, fluorescent (industrial
Notes: (Based on uniform illumination in a 2.5 room cavity ratio)
Reference
Fig. 2.8. Illumination versus Power Density.
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502'
P 55,000
C 141,740
T 196,740
- - -J
317.4'
P 75,1000---
C 10,00/T 175,000
I- 224' ')11
fi Rectangular 4:1Square 1:1P = Perimeter WattsC = Core WattsT = Total Watts
Notes: Each configuration has a total floor area
of approximately 126,000 ft2 . The perime-
ter zone is 14 ft-deep. The lighting
power density is: 1.0 Watt/ft2 in the
perimeter; 2.0 Watts/ft 2 in the core.
K-112.. 3
P -5-8,3 5ISI
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Fig. 2. 9. Effect of Natural Light and Configuration on Energy Use.
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TABLE 2.4
Recommended Illumination Levels2 3
Task or Area
Service or Public Areas
Circulation Areas within
Office Space, but not at
Work Stations
Normal Office Work, Reading,
Writing, etc.
Office Work, Prolonged,
Visually Difficult or
Critical in Nature
Office Work, Prolonged,
Visually Difficult and
Critical in Nature
Auditoriums
Cafeteria
Conference Rooms
Corridors, Lobbies and
Means of Egress
Kitchen (Average)
Mechanical Rooms (General
Areas)
Storage Areas (General
Storage)
Storage Areas (Fine
Details Required)
Range
(fc)
12 - 18
24 - 36
40 - 60
60 - 90
80 - 120
20 - 40
20 - 40
25 - 35
10 - 18
30 - 70
5 - 15
5 - 1s
25 - 35
15 - 30
Design Level
(fc) lux
15
30
50
75
100
30
30
30 322
10 108
20 215
161
322
538
807
1,076
322
322
15
50
10
161
538
108
30 322
Toilets
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3.
Electric Utilities
When extending the building boundaries to include the utilities
(and ultimately the efficiencies of power production and fuel types)
it is necessary to examine the relationships between energy costs to
the consumer and the services the utility provides.
3.1 Historical Perspective on Power Production.
During the first half of this century, utilities enjoyed a period
of almost unbridled growth. A clear description outlining this growth
is found in Off-Peak Cooling Using Phase Change Material by C.C. Benton.
Generating capacity was defined by projected demand which was ever in-
creasing. Then, a series of changes altered the faces of the utilities
forever. It is generally agreed that the largest single influence on
the power production patterns of the electric utilities was the advent
of comfort air conditioning.
With air conditioning, old and well-proven patterns of consumption
changed. The size and shape of buildings changed. The utilities' costs
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of production changed along with their plans for the future. New con-
sumption patterns developed. With a growing air-conditioned building
stock, particularly in the commercial sector, the utilities who previ-
oulsy had to meet winter (heating) peak demands, were developing new
summer peaks. Air conditioning wasn't the only contributor to this
shift in peak demands. Artificial lighting, in ever-increasing amounts,
further pushed the utilities. Table 3.1 illustrates peak demand shifts
that occurred for the Alabama Power Company from 1950 to 1977.2
These peak demand shifts were coupled with continued consumption
growth. Fuel and equipment became more expensive; so much, in fact,
that past economies of scale were reversed. New generating plants be-
came prohibitively expensive and rates continued to escalate. All of
this has resulted in widespread questioning of almost every facet of
the electric industry, its load forecasts, generation reserve margins,
operating procedures, methods of accounting, cost allocations and market-
ing and pricing mechanisms.
These questions, however, may prove to be the salvation of the in-
dustry:
"Since the early 1970's, economic, political, social, technologi-
cal, and resource supply factors have combined to change irrevoc-
ably the business complexion and outlook for the electric utility
industry. It is now faced with staggering capital requirements
for new plant investments, rapidly accelerating costs for unsta-
ble fuel supplies, significant changes in the growth rates of
capacity and electricity usage, declining financial performance,
and regulatory and consumer concern about rising prices. As a
result, electric utilities are actively investigating a wide va-
riety of new options, to enable them to continue to serve custom-
ers in the most economical manner possible." 3
Several "options" have evolved including load management and con-
servation programs, innovative supplying mechanisms, direct load con-
trol devices, and electricity rate reform. Each will be briefly dis-
cussed here.
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3.2 Direct Load Control and Load Management.
One load management tool being employed by many utilities involves
interruptible power supply; that is, interrupted customer load via load
control devices in the utility's control. These rates are mostly appli-
cable to industrial customers who can quickly reduce capacity require-
ments in large increments at the utility's request. Industries with
small labor forces which are relatively easy to notify of changes in
the work schedule are typical beneficiaries of interruptible power rates.
Unfortunately commercial customers, because of the nature of their loads,
are not well suited to utilize interruptible power rates. They typically
have set work schedules, such as 8 A.M. to 5 P.M., and most of their
loads are constant all day, such as heat gains from lighting and people.
Industrial customers who have very electricity-intensive processes that
can be scheduled for specific times within shifts may greatly benefit
from interruptible rates.
There are other methods of direct (utility-managed) load-control.
Signal-sensitive and/or timed devices can be utilized to manage speci-
fic customer appliances. This is not a new strategy in that timed water
heaters have been used for about 50 years.4 Several techniques present-
ly employed for direct load control include:
- ripple control signals in the power lines for meter register
shifting and thermal storage control;
- radio control signals (dedicated telemetry links) operated
at specific switching frequencies and having limited range
and reliability; and
- telephone line signals, interpreted by an energy management
module and distributed to control devices on specific appliances.
For many of these techniques it is difficult to quantify the actual
savings.
TABLE 3.1
APCO PEAK DEMANDS LOAD FACTORS
AND WINTER TO SUMMER RATIOS 2
Summer
Year MW
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
Winter
Year MW
828.7
912.1
1028.0
1102.4
1153.9
1247.8
1334.4
1554.9
1621.9
1684.7
1893.7
2002.3
2211.5
2388.6
2585.1
2788.7
3139.1
3191.2
3661.4
3954.8
4167.7
4394.8
4877.1
5259.7
5493.3
5644.8
5880.5
6060.3
1950-51
1951-52
1952-53
1953-54
1954-55
1955-56
1956-57
1957-58
1958-59
1959-60
1960-61
1961-62
1962-63
1963-64
1964-65
1965-66
1966-67
1967-68
1968-69
1969-70
1970-71
1971-72
1972-73
1973-74
1974-75
1975-76
1976-77
1977-78
864.7
931.1
1016.6
1043.2
1099.1
1196.2
1277.5
1391.3
1481.2
1561.1
1715.3
1743.2
1988.0
1973.6
2121.7
2336.7
2524.6
2722.7
2882.4
3315.1
3319.4
3534.8
3928.3
4090.5
4230.0
4654.4
5047.5
5137.3
Ratio of
Winter
To Prior
Summer
104.3
102.1
98.9
94.6
95.3
95.9
95.7
89.5
91.3
92.7
90.6
87.1
89.9
82.6
82.1
83.8
80.4
85.3
78.7
83.8
79.6
80.4
80.5
77.8
77.0
82.5
85.8
84.8
Annual
Load Factor
Year %
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
61.5
63.7
62.3
62.4
62.2
62.0
62.9
60.0
61.1
64.4
61.3
60.3
59.9
59.0
59.3
61.0
58.6
61.2
60.3
59.8
60.7
60.2
58.6
58.5
56.7
56.1
57.7
60.3
-37-
"The importance of evaluating all the benefits and costs of
direct load control cannot be overemphasized. It can have sig-
nigicant costs, and it can pose potentially serious reliability
problems to power systems, if it is not properly incorporated
into operations. In addition, the makeup of and justification
for such programs cannot be considered homogeneous on a nation-
al or even a regional basis." 5
There are, however, examples of large-scale direct load control
implementation, and the savings, both in peak demand and dollars, are
widely distributed. Savings estimated by utility experts range between
5% and 35% peak demand, most estimations being between 5% and 15-20%.
Actual savings have varied as much. Buckeye Power Inc., in Ohio, has
shed 5-6% of its peak with controlled water heaters,6 while Minnkota
Power Co-op, after installing a ripple control system mostly for dual
space heating, shed approximately 26% of its peak.7
The California Energy Commission, long an innovator in developing
load management standards, currently is considering requiring its elec-
tric utilities to implement non-residential load management programs
with a goal of achieving a 20% improvement in non-residential energy
efficiency by 1985.8 Table 3.2 shows their staff projections for all
five utilities.
3.3 Rate Reform As Load Management
Innovative rate designs and planning schemes have evolved over the
years to augment the tremendous expenses incurred by the utilities dur-
ing peak demands. When first introduced, however, many did not meet
with substantial public support.
"From 1945 to 1957 the Company had a demand feature in its
residential rate structure in an attempt to price its product
to more accurately reflect the costs of producing and deliv-
ering electric power to the individual customer. The demand
feature of this rate proved so unpopular with the majority of
customers that it was finally removed." 9
-38-
TABLE 3.2
Projected Energy (kWh) and Capacity (MW) Savings
From Utility Nonresidential Conservation/Load
Management Programs, 1981-19858
Percent of
Projected Savings 20% Goal Goal Achieved
Utility (gWh) (MW) (gWh) (MW) (gWh) (MW)
PG&E 1,008 750 9,618 1,288 10 58
SCE 6,682 1,518 8,947 1,535 75 107
SDG&E 557 124 1,230 236 45 53
LADWP 1,363 236 2,697 490 51 48
SMUD 350 92 570 123 61 75
TOTAL 9,960 2,720 23,062 3,672 43 77
There was also a substantial amount of utility resistance to em-
ploying demand-sensitive rates. Load management represented a basic
change in the "ever-increasing consumption and ever-increasing capa-
city" philosophy they had been following. Suddenly the customer's
demand was to be shaped to fit the utilities generating capacity, in-
stead of the other way around. The utilities, who had lots of adver-
tising experience in load management by encouraging customers to in-
crease their nighttime energy consumption (such as with "bonuses" for
new homes with electric heating in the 60's), now were being asked to
encourage conservation; to let the customer, based on the energy costs,
decide the importance of system growth. Also, being a regulated agency
whose allowed profit was determined by invested capitol, the expense
of new generating facilities would always be passed along to the con-
sumers in the form of rate increases. Demand-sensitive rates did not
increase profit nor investment capitol. When the utilities began hav-
ing difficulties getting the approval for rate hikes due to public
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outcry, they began to actively implement rate reform.
It is important to note here that the slow down in construction
of new nuclear and coal generating facilities coincided with the in-
crease in public outcry of environmental concerns and conservation
strategies. The utilities could no longer justify charging customers
for the services of a nuclear plant that would (maybe) be in operation
in 12 years. This helped advance the plans for energy conservation
strategies and implementation of different rate designs.
3.3.1 Rate Reform Techniques.
Many utilities are turning to price incentives to encourage cus-
tomer conservation, control, and storage of energy. All of these in-
centives are designed to encourage better and more efficient utiliza-
tion of existing plant capacity.
One method which has been employed by many utilities for several
years is seasonal pricing differentials.
"During the mid-1950's, after an investigation of the relative
costs associated with summer and winter electric generation, the
Company became convinced that a price reduction for winter off-
peak users of electricity would be beneficial to all concerned."
However, it was the commercial and industrial users that most greatly
defined the summer peak demands.
"During recent years, as the cost of new production facilities
and cost of capital have risen rapidly, seasonal pricing has
become a useful tool to discourage growth in summer peak demand.
This has been particularly true with the commercial and indus-
trial classes where both demand and energy rates are employed.
Such increases in the fixed cost associated with making electric
service available have dictated modifications in the pricing
structure in order to properly allocate the cost of peak period
capacity to the customers that contribute to the peak demand.
A seasonal rate differential of this type offers the customer a
price incentive to minimize his use of electricity during the
Company's peak period."1 2
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Probably the most widely known load management device is the in-
corporation of time-of-day (TOD) pricing. Long the standard in Europe,
it has taken some time to catch on here in the U.S. This is mainly due
to the substantial differences in lifestyle, per capita energy consump-
tion, methods of production and peak occurrences. Also, electricity
production in France and Great Britain have been nationalized for a
number of years and not required to produce a profit. There is also a
predominance of summer peaks in the U.S. as compared with the well de-
fined winter peaks in most European countries.13 These are just some
of the differences that may contribute to the seeming hesitance among
the utilities in the U.S. in employing time-of-day rates.
Simple time-related pricing has been in use for many years in the
form of seasonal differentials. Now, utilities are evaluating more com-
plex rate structures and metering techniques to make load management
and conservation attractive to both commercial and residential custom-
ers. A deterrent to the more complex rate schemes is that complex
electric meters are needed. These must be capable of recording the
time of day, rate, and quantity of energy consumed. An important ques-
tion arises: Who should bear the expense of using these expensive pie-
ces of equipment - the utility or the customer? There is no clear cut
answer and opinions vary.
There is also no uniform agreement on how time-of-day rates should
be employed. Each utility will have to define the boundaries and struc-
ture of their rates. A description of time-of-use rates will follow,
along with a few examples of some presently employed.
3.3.2 Utility Examples.
Pacific Gas and Electric has employed time-of-day pricing for its
largest customers (maximum demand greater than 500 kW) since February
1977. The usage patterns of the customers were monitored to estimate
just what effects these rates would have on consumption patterns. Most
-41-
of those affected were industrial and large commercial customers whose
combined demand at the time of the system peak is over 1000 MW, or about
10% of the PG&E system peak demand. Figure 3.1 compares the conven-
tional with the time-of-use rates from PG&E.
Demand Charge
$/KW
3.45-F
2.30
Energy Charge SIKWI
2.65
2.25
1 I I I
12:00 6:30 81:30 12:30 4:30 6:30 8:3010:30 12:00
MIDNIGHT AM AM PM PM PM PM PM MIDNIGHT
Weekdays
......... Pre-Time-of-Use (for customers with load factors greater than 42%)
- Time-of-Use, Summer (May-Sept.)
- Time-of-Use, Winter (Oct.-April)
Fig. 3.1 Comparison of time-of-use and conventional rates. (Feb. 1977)
Note, also, that these are "three-tier" rates; in other words, the
rates change at three different times over the day and season. During
the summer the rates are inexpensive at night and on weekends, slightly
more in the mornings on weekdays, and much more from around noon until
6:30 P.M. on weekdays. Much of the incentive for three-tier, or multi-
tier, rates is from the strain placed on the utilities by the large
lighting and cooling loads of their commercial customers during the
afternoon. These rates also enchance the economic arguments for day-
lighting.
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As a result of PG&E's load monitoring, this time-of-use rate is
responsible for reducing the annual daily on-peak load by approximately
35 MW, or about 6% annually. This is tabulated in Table 3.3.
TABLE 3.3
PACIFIC GAS AND ELECTRIC COMPANY ELECTRIC DEPARTMENT
Schedule No. A-17 Time of Use Billing Distributions
Prior to TOU Rates and After TOU Rates
Billing Data
DEMAND (1000's of kw)
Period A (Summer)
E On Peak Kw
Z Partial Peak Kw
Period B (Winter)
3 E On Peak Kw
4 E Partial Peak Kw
ENERGY (millions of Kwh)
On peak Kwh
Partial Peak Kwh
Off Peak Kwh
Total
Estimated Recorded 1976 Recorded 1977 1975/1976
1975 (1) 1976 Adjusted (2) 1977 (3) Adjusted (2) Average (4)
(1) (2) (3) (4) (5) (6)
5,867 5,981 5,884 6,116 5,524
5,958 6,016 5,918 6,362 5,747
7,747 7,437 7,316 7,944 7,176
8,326 8,010 7,880 8,648 7,812
1,128
2,680
3,437
7,245
1,187
2,704
3,474
7,365
1,167
2,660
3,418
7,245
1,200
2,932
3,888
8,020
1,084
2,649
3,512
7,245
5,876
5,938
7,592
8,103
1,147
2,670
3,428
7,245
(1) Application No. 56124.
(2) Adjustment based upon percentage of annual sales for 1975.
(3) Includes increase in number of customers on Schedule No. A-17 during
(4) Column (1) plus Column (3) divided by two.
(5) Column (6) minus Column (5) divided by Column (6).
1977. Preliminary figures.
Boston Edison Company presently has 5 different optional time-of-
use rates, the application of which is dependant on the magnitude of
demand. These rates are sculpted to the various use patterns of typi-
cal customers and the peak periods are system dependant.
Line
No.
1
2
5
6
7
8
% Change
Composite Year
1975/1976
to 1977 (5)
(7)
(6.0%)
(3.2%)
(5.5%)
(3.6%)
(5.5%)
(0.8%)
2.5%
0.0
Line
No.
1
2
3
4
5
6
7
8
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The residential time-of-use rates employ three different time di-
visions dependent on season and hour. Table 3.4 illustrates these di-
visions with the corresponding charges as of April 1, 1982.
Residential
Energy Charge
17.78 cents/kWh
1.92 cents/kWh
4.96 cents/kWh
6.92 cents/kWh
$2.62/month
TABLE 3.4
Energy Charges and Time Divisions
Description
Peak period. Use between 11 A.M. and 5 P.M.
(EDT) weekdays during the summer billing
period.
Off-peak period. Use between 10 P.M. and 9
A.M. (EDT) weekdays and all hours on week-
ends throughout the year.
All other periods. Winter billing.
All other periods. Summer billing.
Metering charge.
Source: Boston Edison
4/82
Note that these residential rates reflect the summer peak demand,
most of which is defined by commercial customers.
The optional time-of-use rates for commercial customers are slight-
ly more complex than for residential customers. This is partially due
to the diversity in size and demand among these customers. Some commer-
cial and industrial users have very electricity-intensive processes,
such as welding, which increases their voltage requirements, alters the
type of current (transformers) needed, etc. Table 3.4 illustrates just
one of the rate structures available from Boston Edison as of April 1,
1982.
Figure 3.2 plots the monthly demand peaks and time of occurrence
for Boston Edison Company in 1980 according to rate structures. Note
that the large commercial/industrial rates, G2 and G3, dominate each
monthly peak.
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TABLE 3.5
OPTIONAL TIME OF USE RATE T-2
Available for all commercial and industrial use at a single location where the
service voltage is less than 5000 volts. Not available for resale or
domestic service in residential premises.
Rate:
UTILIZATI
LOAD
FACTOR
HIGH
GENERAL
LOW
Utilizati
mont
MONTHLY ENERGY CHART - CENTS/KWH
ON SERVICE CAPACITY SUMMER WINTER
CHARGE CHARGE PEAK SHOULDER OFF-PEAK SHOULDER OFF-PEAK
$ $/KW HOURS HOURS HOURS HOURS HOURS
264.00 8.81 3.82 1.72 0.65 1.60 0.60
264.00 6.79 4.28 2.18 1.10 2.06 1.05
264.00 6.19 4.49 2.38 1.31 2.25 1.32
on Load Factor: The various load factor rates are based on the
hly billing demand. The categories are:
a) High Load Factor: Those customers with a monthly load factor in
excess of 60% (equivalent to 440 hours' use of the monthly billing
demand) will be billed at the high load factor rates.
b) General Load Factor: Those customers with a monthly load factor in
excess of 40% (equivalent to 290 hours' use of the monthly billing
demand) will be billed at the general load factor rates.
c) Low Load Factor: All customers who do not qualify under steps a)
or b) above will be billed at the low load factor rates.
Billing Periods
Season: The year shall be divided into two seasons (1) Summer - for all
use after June 15th and through October 15th, (2) Winter - for all use
after October 15th and through June 15th.
Daily: Three daily time periods are indluded in this rate as follows:
1) "Peak" hours shall be the hours between 11 a.m.* and 5 p.m.*
weekdays during the summer;
2) "Off-peak" hours shall be the hours between 10 p.m.* and 9 a.m.*
weekdays and all hours on weekends;
3) "Shoulder" hours shall be all other hours.
*All times are Eastern Daylight Savings Time and pertain to the summer peak
period. Corresponding Eastern Standard Times are 10 a.m. and 4 p.m. and
9 p.m. and 8 a.m.
Source: Boston Edison
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3.4 Risk vs. Regulation.
There exists a clause in several of the rates which states that
the customer or the Company can terminate this rate service at any time
with 10 days written notice! The importance of this clause cannot be
overlooked, particularly since it reflects a basic weakness in existing
utility planning and regulation, not just for this company.
As customers (residential and commercial) take advantage of the
economies of time-of-use pricing, the utility will, as was their in-
tention, reduce their peak power production requirements and increase
their load factors. Ideally the load curve could become virtually flat.
What, thenis the utility's incentive to employ these rates? Many en-
ergy conservation strategies and systems are based on the existence of
these demand-sensitive rates. If the utilities no longer experience
such expensive and straining demand peaks why should they employ
demand-sensitive rates? If these rates can be dropped with "10
days written notice," what will happen to the customers who invested
in these load control devices or thermal storage systems? How can
they be protected from what, for them, would be an economic catastro-
phe? Surprisingly enough, even precedents have left these questions
unresolved.
A European utility encouraged its residential customers to invest
in thermal storage heaters and promised those who did substantial sav-
ings via time-of-use rates. As many customers took advantage of the
offer, the utility began to have a flattened demand profile. With the
incentive gone the utility removed the rates, causing volumnous public
protest. Law suits insued and ultimately the utility was forced to re-
tain the rates for those who had invested but only for the customers
who presently owned the storage heaters while they owned their homes.
They could not use the thermal storage heaters for increased salability
of the homes and in a few years the utility would be back to its old
rate structures.15 A most viscious and frightening economic circle
exists here, as illustrated by this example, and the regulating agen-
cies in this country must insure that such a calamity would not and
could not occur.
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4.
Load Management
With
Thermal Storage
4.1 Introduction.
Historically, electricity was generated in patterns that matched
demand. Just as now, there were no cost-effective strategies for stor-
ing electricity at the plant sites. As off-peak pricing reflects the
utilities' new awareness of the customer's side of the demand meter, so
must proposed strategies for consumption.
Utilization of off-peak rates is accomplished in two ways: shift-
ing the time of electrical end use, such as scheduling electricity-
intensive processes at night, and/or storing energy generated during
the off-peak periods for use during the peak hours.1 Though many in-
dustrial processes may be amenable to shifts in schedule, especially
those with 2 or 3 shifts, most commercial and residential situations
could not effectively utilize this consumption strategy. They may be
more able to store energy for peak use. Since storage of electricity
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is expensive on any large scale, other forms of energy storage must be
investigated. Recognizing that many of the "metabolic" process of
buildings require the production or extraction of heat, thermal energy
storage has a lot of application potential.
Thermal energy storage (TES) is not a new phenomenon. Though the
electrical consumption may not coindide with sensitive rates, most all
domestic hot water systems employ TES. Buildings which employ solar
heating and water systems utilize some sort of storage. Note that so-
lar buildings exemplify the physical and economic concepts of TES and
shifting consumption patterns. Their storage is "charged" by the sun
when the cheap energy is available (day), then, this energy is typical-
ly used when the source is not available (night). Many systems in Eur-
ope utilize off-peak electrical heating to charge storage at night;
again due to well-defined winter peaking utilities. In the U.S., TES
systems must be applicable to cool storage as well as heat storage,
since most of these utilities experience summertime peaks due to the
widespread integration air-conditioning, or comfort cooling, in our so-
ciety. It is this type of load, the one that is the greatest contrib-
utor to a utility's annual peak requirements, that must be displaced
to off-peak periods to benefit both the customer and the utility.
"The introduction of thermal storage capacity into an other-
wise conventional HVAC system can provide an important de-
gree of operational flexibility. This flexibility allows
system operation to be scheduled in a manner that forwards
two major goals. First, the operation of major mechanical
components can be scheduled during off-peak periods accuring
benefits to consumer and utility. Second, the efficiency of
various components, especially the chiller, can be improved
by running the system at design capacity during the off-peak
charging period. n2
It is important to note how vulnerable buildings, and ultimately
their occupants, have become since the advent of comfort air condi-
tioning following World War II. Advanced mechanical systems allowed
architects to design "shells" and "spaces" whose quality was defined
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by "art," "beauty," and visual aesthetics. Thermal "quality" or com-
fort was provided secondarily, by some monsterous "system" stuck in some
back room or basement. The buildings' metabolic responses became dead-
ened and "unresponsive." These buildings and the environment they pro-
vided for-their occupants became totally dependant. Should the "system"
break down or a power outage occur, they were uninhabitable.
The system, too, was dependent. Mechanical design practices de-
veloped and evolved assuming an abundant cheap energy supply. Supply
was not a problem. More lighting meant better lighting. More control
meant better control.
Suddenly energy was no longer cheap. Energy costs skyrocketed in
the early 70's and the costs with buildings and mechanical equipment
followed suit. There were new economic incentives toward designing
more "responsive" and "efficient" buildings and systems. Some old as-
sumptions were questioned and some old answers were frequently found.
Thermal energy storage is just one of those answers. It is also impor-
tant to recognize that time-of-day rates are not imperative to realize
savings by using thermal storage. Existing rate structures which have
both demand and energy charges can facilitate these savings.
Demand charges are determined by the maximum demand placed on the sys-
tem during a billing period. If one component of that demand is removed,
the overall load profile of the building is improved and the demand
charges are lower. Therefore, if a thermal storage mass can be charged
at a time when demand is low, which is to imply off-peak, the resulting
overall demand charges will be lower. This could be significant if sys-
tems which help define the building peak load, such as chillers and fans,
could be cycled into low-demand hours. Herein lies the argument for
cool storage.
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4.2 Cool Storage.
Conceptually, a "cool storage" system is one that serves several
functions. First it is a thermal mass that in reality stores heat.
The title -"cool storage" simply refers to the displacement, or shift-
ing, of the time in which the extraction of that heat takes place.
This mass must be capable of absorbing the heat generated in the space
(or a portion of it) during the day. This leads to the second main
function. The cool storage mass must also be able to liberate this
stored heat during the prescribed off-peak period, thus, enabling the
mechanical cooling equipment to be operated at a constant maximum ef-
ficiency (not necessarily maximum capacity) and reduce the consumer's
peak demand charges.
Basically, thermal energy can be stored in three different ways
as outlined in Fig. 4.1.
Sensible storage implies an increase in temperature without chang-
ing physical state. The energy stored is directly proportional to the
mass temperature swing. Common sensible storage materials include water,
concrete and rocks.
Latent storage involves a change in the physical state of the ma-
terial within the solid-liquid-gas cycle. This "phase change" storage
capacity (or heat of fusion) is much greater than a material's sensible
storage capacity. Water is a good example. In its liquid form, water
behaves "sensibly." For one pound of water to decrease in temperature
1.*F, one BTU of heat must be extracted. However, at 32*F, water changes
phase, and for that same pound of water to go from 32*F (liquid) to 32*F
(solid), 144 BTU's of heat must be extracted. Common latent heat stor-
age materials include water, various salt mixtures, and parafins.
Thermochemical storage involves changing thermal energy into anoth-
er form of energy altogether, especially via chemical reactions. Here
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I SENSIBLE HEAT
AT1
Input ATpu
/Output
AT2
Chemical composition unchanged
No phase change
T2
Quantity of energy stored W = -f M C P dT - M CP (T2 -TI)
Ti
= quantity of heat storage medium
= heat capacitivity
T2 = storage temperature
T, = temperature of use
2 LATENT (BOUND) HEAT = PHASE-CHANGE HEAT - ORDINARILY
SOLIDIFICATION: (s) - (1)
Input
AT (s) AT (1)
it
Output
also
solidi 
- solid2 ,(s1) * (s2)
solid - gas,(s) (g)
liquid - gas,(l, (g)
1
Quantity of energy stored W f M AHFOda
0
M = Quantity of heat storage medium a = fraction of the heat-
AHFO= Phase-change heat storage medium
which has been converted
The storage temperature agrees with the phase-change temperature
3 CONVERSION INTO ANOTHER FORM OF ENERGY - ORDINARI-
LY WITH THE USE OF THERMOCHEMICAL REACTIONS (Reaction
heat in reversible chemical reactions)
Input
at Ti TR 
- P;
:Pi
XR; = reactants
xPi = products
at T2 RO ut
Out put
Quantity of energy stored W f M &HT da
0
M Quantity of heat storage medium TI
HT= Reaction heat at T2  T2
a Fraction of the heat-storage me-
dium which has reacted
= Charging temperature
= Use-(and storage-)
temperature
Fig. 4.1. Different Principles for Storage of Heat. 3
M
Cp
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the reaction heat of reversible chemical reactions is used.
For the remainder of this discussion only the first two storage
mechanisms will be addressed.
4.2.1 Sensible Storage.
Table 4.1 from Quinlan (p. 31) characterizes various sensible stor-
age media, the merit of which is determined by high specific heat, high
density and low cost.
TABLE 4.1
THERMAL CHARACTERISTICS OF SENSIBLE HEAT STORAGE MATERIALS
Specific Heat Cost
Heat Density Capacity $/1000
Material BTU/lb*F lb/ft 3  BTU/ft 3*F c/lb BTU/*F
Brick* 0.2 123 24.6 1.0 50
Iron* 0.12 450 54.0 11.4 950
Lead* 0.031 707 21.9 42.0 13,548
Sand 0.191 95 18.0 0.26 13.6
Steel 0.12 489 58.6 4.7 392
Stone 0.2 95 19.0 0.3 15
Water 1.0 62.4 62.4 -0.0 <<1
Note: *Scrap 4
Water is obviously very attractive and has historically been util-
ized in centralized storage systems. 5 ,6
Cool storage mechanisms also are influenced by physical parameters
of space, weight and distribtuion. Storage materials can be distributed
throughout the building or can be centralized in a compact location.
Distribution decisions are as vital a determinant in the overall effec-
tiveness and costs of a system as the storage medium.
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With these additional storage and distribution concerns in mind,
central chilled water storage is not without its problems. Large vol-
umes are required due to the fixed AT between humidity control and
freezing. Evaporator temperatures must be lowered to achieve low tem-
perature storage. Unless multiple tanks are used, mixing occurs be-
tween the chilled water and the return (circulated) water that has
picked up heat, thus the tank temperature rises and efficiency drops.
4.2.2 Latent Storage.
There are, however, advantages to utilizing more decentralized
storage systems where the mass is distributed throughout the building.
One such decentralized strategy has recently been investigated at
M.I.T. by Johnson, Benton and Toups using a salt-based phase change
material for cool storage. Among the many advantages of this system
is its retrofit potential. The storage material, housed in special
bags or tiles, can be incorporated into existing suspended ceilings
with little alterations in the mechanical systems as a whole. (For a
lucid description of this system see references 1 and 23.)
If the mass is already assuming a structural function, the costs
would already be accounted for and the main problems would involve ex-
posing the mass to the heat sources and (typically) air cooling systems.
Several strategies have been developed in this vein, two of which will
be discussed here and referenced later during the description of the
proposed system.
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4.3 Concrete Slabs.
Concrete floor slabs have a large heat capacity (100 Wk/m2 K) but
are typically poorly coupled to the room air or the heat sources in the
room. This poor coupling is largely due to the vast acceptance of sus-
pended or "dropped" ceilings for acoustical absorption and to provide
a chamber to house the mechanical system's distribution network. With
increased thermal coupling this mass could be utilized as sensible heat
storage to, as prescribed earlier, reduce the overall cooling require-
ments, take advantage of off-peak electrical rates and reduce peak de-
mand. This is illustrated in Fig. 4.2.
NIGHT
Fig. 4.2. Schematic of Mass/Space Cooling.
The pre-cooled mass absorbs the internally-generated heat during
the day, maintaining comfortable environmental conditions. At night
the mass is again cooled, either by cool night air or mechanical cool-
ing.
-56-
4.3.1 Hollow Core Systems.
One such structural mass storage system was developed in Sweden
utilizing a hollowcore concrete plank which is a common product in
Europe. The application of this system to American building types and
contexts has been recently investigated by Rosenfeld et. al. at Law-
rence Berkeley Laboratory7 and Barnaby et.al. at Berkeley Solar Group.
8
This system is diagrammed in Fig. 4.3.
Fig. 4.3. Schematic of Hollowcore System.
Note: The hollowcore slab-plenum combination permits flexi-
bility of air system design. The chilled air can be
supplied through the cores and returned through the
plenum, or vice versa.
Rosenfeld compared a new office building in Farsta, Sweden (near
Stockholm) which uses this system to existing similar Swedish building
types. The system, called Thermodeck, could store a full 8-hour heat
gain with a minimal (2*C) rise in air temperature.9 During the severe
winters, this stored heat was used to compensate for night and weekend
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heat losses. The cool summer night air frequently was used to directly
cool the slabs without the need for, conventional air conditioning. The
U.S. is not entirely blessed with night air temperatures which would fa-
cilitate this direct cooling and the humidity in the air would still
have to be removed to prevent potential health problems associated with
excess moisture buildup in thermal storage masses.
The heat transfer into the Thermodeck system takes place via
forced convection, i.e., cool air is blown through the hollowcore net-
work which is directly exposed to the internal heat gains of the room.
Four different cases were modeled via computer and are described and
plotted in Fig. 4.4. Here it is important to note that although car-
pets and suspended ceilings are much of the reason why buildings until
now have not fully utilized their existing structural mass, the acousti-
cal function they serve are a vital part of the overall quality of the
office environment. Case (b) demonstrates the Thermodeck system with
both carpet and acoustical tiles. Note the temperature rise of approx-
imately 1/8*C per hour is merely delayed by their presence.10
In the Farsta office building the air is passed through the 18.5cm
diameter cores in the slab several times before entering the room. Con-
cern over the amount of fan power required to force the air through
this system necessitated its evaluation and their findings suggest these
requirements for the Thermodeck system proper were only .15 W/m2 or
about 5% of the supply fan power.12 The room air is found to be extrem-
ely sensitive to immediate increase in internal load and less sensitive
. 13
as time passes.
Addressing the application potential of this system to an American
market, a few general tendencies must be recognized. First, American
buildings are (on the average) larger than Swedish ones. Also, it is
not unusual for both heating and cooling to be supplied to different
parts of a building at the same time, thus suggesting the possibility
of using a Thermodeck-type system for heat transport. The U.S. cooling
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Fig. 4.4. Response/relaxation durves calculated by the BRIS-program for
equal rooms with two different slabs, each with a heat capaci-
ty of 100 Wh/m 2K. The surroundings are assumed symmetric on
all sides (as in an office in the core of a building). 15 W/
m 2 of lighting (50% radiation) is turned on for the first 8
hours of each run. The cases are as follows: (a) 20-cm thich
solid concrete slab, with rug, insulated, suspended ceiling,
and plenum. Resistances assumed were: rug - 0.1 (W/m2K)-l;
insulated false ceiling - 0.5; plenum - 0.17. (b) Same as (a),
but slab is 30 cm. thick Thermodeck. (c) 20 cm. thick concrete
slab, but bare - no rugs, suspended ceilings, plenum. (d) Same
as (c), but slab is 30 cm. thick Thermodeck.
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season is much longer than Sweden's and there is (as mentioned) less
potential to utilize cool night air for direct cooling. Finally, off-
peak air conditioning must then be addressed.
A joint investigation by Berkeley Solar Group and Shelley, Dean
and Fuller, Architects completed in June 1980 continued the application
analysis of using the thermal mass of structural systems for conserva-
tion and peak power reduction. Several different structural systems
were investigated here, including the hollowcore system. These were:
- Plenum system, utilizing precast double-T floor planks, normal
supply ducts and return air through the ceiling plenum;
- Exposed double-T, utilizing the same structural system but
exposed to the space below (no suspended ceiling), and normal
supply and return duct network;
- Return-side Hollowcore, utilizing the precast hollowcore planks,
normal supply ducts and suspended ceiling, but the air is re-
turned via a sinusoidal flow path through connected cores in
the plank; and,
- Supply-side Hollowcore, the same as above but the air supply is
via the connected cores and the air return is the plenum.1 5
A 100,000 ft2 building was modeled using each of the above-mentioned
systems in two climates - Sacramento, California, and Washington, D.C. -
and compared to two base case buildings. The models included a full
transient analysis of the building loads and mechanical equipment. Ta-
ble 4.2 summarizes the energy-related results of their simulations. Fig-
ure 4.5 illustrates the effects of each system on the power demand of an
office building in Sacramento during a typical summer day.
An important note here is that the latent loads of the buildings
were not investigated, nor were their effects on the overall system per-
formance. Also, each of the cooling systems presented here have involved
TABLE 4.2
ENERGY USE AND PEAK DEMAND
System Type
Structural Mass on
the Return-Side
1.0 Base Caseb
1.1 Plenumc
1.2 Exposed Double-T
1.3 Hollowcore
Structural Mass on
the Supply-Sided
2.0 Base Case 2
2.1 Hollowcore
Sacramento, California
Energy Usea Saving Peak Demand Saving
(B/sf-yr) (%) (w/sf) (%)
26991 --- 4.86 ---
24933 7.4 4.36 10.3
23701 12.2 4.30 11.5
23789 11.9 4.15 14.6
17915 --- 3.93
15655 12.6 2.70 31.3
Washington, District of Columbia
Energy Use Saving Peak Demand Saving
(B/sf-yr) (%) (w/sf) (%)
36857
36891
34590
36583
-0.1
6.2
0.7
5.25
5.01
4.86
4.97
4.6 ON
7.4
5.3
e
e
aHeating and cooling energy only, fan and chiller electricity consumption accounted for at the rate of 10239 B/Kwhr
bDesign compliance with Title 24 and ASHRAE Standard 9075.
cSame as Base 1, but includes night chilling of the structural mass.
dModel building modified slightly to reduce overall cooling load: window size reduced and automatic light dimmers
installed in perimeter zone.
e Not treated here because of special latent load problems that are beyond the scope of this study.
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Power Demand (KW)
Sacramento Office Building (101,250 s.f.)
Fig. 4.5. Power demand profile on a typical summer day in Sacramento,
California, utilizing each of the structural mass systems
under study.17
moving chilled air across or through the structural mass for cooling.
Not only are air systems constrained by the convective heat transfer
coefficient of the surfaces, but also by increased fan power require-
ments. These topics will be elaborated upon later.
One project presently underway which incorporates a structural slab
cooling system is the Department of Justice building in Sacramento,
California. Again chilled air is circulated throughout the building at
night, cooling the structural slab 4* to 8*F. i
-62-
With the constraints implied with this system type, this building
demonstrates some of the potential for both energy and power savings
with advanced planning of the energy strategies.
4.4 The Utilities and Thermal Storage.
The utilities are also very interested in cool storage systems.
Southern California Edison Company (SCE) and Pacific Gas and Electric
Company (PG&E) are among the leaders in broadening these interests.
SCE commissioned "A Guide for Off-Peak Cooling of Buildings" to assist
its conservation specialists and design consultants by providing spe-
cific state-of-the-art information on chilled-water-storage and ice-
storage systems. A similar program has just been completed by PG&E.19
Many utilities are recognizing increased customer interest in cool
storage systems.
"To foster interest in off-peak cooling systems, SCE instituted
a customer assistance program, in which it offers to pay up to
50% of an engineering study for cool-storage systems up to a
maximum of $5000... the utilities paid for part of five studies
in 1981. Two of them will result in installations. The pro-
gram is continuing this year... There is no consensus among
consultants over whether a chilled-water or ice-storage system
is better. One thing is certain, however: Time-of-use rates
are an important factor, regardless of which type of system is
used. "20
Consolidated Edison of New York is also actively participating in
the analysis of retrofitable, decentralized cool storage systems. Pre-
parations are being made for a commercial demonstration project incor-
porating a phase-change thermal storage system developed at M.I.T. by
Charles C. Benton, Timothy Johnson and Charles Toups. 2 1
Commonwealth Edison Company has a campaign underway to promote its
"ll-hour day." This 11-hour off-peak period encourages off-peak usage
via cool storage among its commercial and industrial customers with
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single-shift operations. Among those either planned or already opera-
ble installations include the Bolingbrook District Office, a utility
facility, which covers 17,000 sq. ft. and has a 40,000 lb. ice-making
system. Of a total peak system demand of 94 kW, 87 kW (or 92.6% of the
load) only operate during this 11-hour off-peak period. The remaining
7 kW are for small circulator and agitator pumps.22
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5.
An Off-Peak
Cooling System
"The capacity of the building structure, or some specialized
part within the building, to store thermal energy has a pronounced
impact on the sensitivity of the building to changes in the environ-
mental conditions, and on the indoor temperatures, human comfort
and the energy demand of the building.
In general, a higher heat storage capacity (i.e., a heavier
structure) provides the building with a higher thermal inertia.
The response of the building's temperature to sharp changes in
ambient thermal conditions or to internal heat generation becomes
smoother and delayed in time.
The quantitative impact of the buildint's heat storage capaci-
ty depends, however, on many factors, notably:
- the ambient conditions (type of climate, season, etc.).
- whether or not the building is air conditioned.
- the kind of energy (conventional, solar, etc.)
- the diurnal pattern of occupancy of the building, depend-
ing on its type (residential, office, school, etc.).
Heat storage in the building can be provided either in the
mass of the structure or in a specialized space under, above or
within the building. The performance characteristics of thermal
storage within the structure depends on the location of the main
mass of the building, for example:
- external envelope, exposed to the environment.
- external envelope, insulated from the environment.
- internal floors, partitions, etc.
Heat storage in a specialized space can be provided by a water
tank, a space filled with gravel, eutectic salts, etc."
Baruch Givoni
"Heat Storage in Buildings: An Overview "
-67-
5.1 Introduction.
The proposed system incorporates strategies that represent several
philosophies of building energy science. They are outlined here.
First and foremost of these philosophies is energy sensitive plan-
ning. As with any proposed investment, planning is frequently the key
to success, not only on a financial level, but also on a thermal and
personal level. Speculative builders and potential owners with the far-
sightedness required to make wise energy-related decisions will also
find themselves making (ultimately) wise investment decisions. The sys-
tem to be presented here implies a commitment to pre-plan how their en-
ergy dollars will be spent. Recognizing that energy is typically a
cost passed on to the occupants of a building, the economies of first-
cost-based planning have, in the past, been sufficient. However, as
first-costs increase, and the power-production costs of the utilities
continue to become more customer-sensitive, operating, or lifetime,
costs will play a more major role on the economics of buildings. It
may even be that new buildings will be penalized by the utilities if
energy efficiency and load management are not employed (or awarded sub-
stantial pricing reductions if these methods are employed.)
A second philosophy incorporated into this system is that build-
ings are indeed "organisms" which interact with their human occupants
and influence their metabolic, physiological, and psychological states.
It is this interaction that greatly influenced the decision to investi-
gate a decentralized, space intimate thermal storage system. The de-
sire to reduce both the size of the seemingly ever-larger mechanical
systems of a building, and the first costs associated with these sys-
tems, was also borne of these ideas.
In a'ddition to these more romantic notions about buildings, prac-
ticality also plays an important role in the essence of the system.
Since the early days of Henry Ford, the economies associated with
-68-
standardized component parts have been recognized. The various Europ-
ean examples of modular buildings and building "systems," and the mul-
titudes of configurations achievable with these systems, are direct ex-
amples of these economies. In the U.S. standardized components are
readily recognizable in the residential sector of the building industry.
Particularly exemplary of this phenomenon is the rapid acceptance,
following World War II, of mobile homes, providing not only the econom-
ies of standardized construction but also the tax economies of home
ownership, etc.
Finally, as outlined in the earlier chapters, the strategies and
savings associated with thermal storage mass and off-peak electrical
use are integral parts of the system. The system is also presented as
an integral part of the building as a whole.
It is expected that this system would only be one component part
of an overall building energy scheme. Other energy-conscious design
and conservation features would coexist with and enhance each component
and their contribution to the final product.
5.2 System Configuration.
This thesis proposes an off-peak cooling system for new commercial
building construction. The primary thermal storage is provided by the
structural concrete ceiling/floor slab of the building, insulated from
the weather at the ends and cooled by imbedded chilled-water pipes. The
piping system is amenable to both cast-in-place and precast concrete
slabs. The ceiling slab is exposed to the room below without an inter-
mediate suspended c.eiling. At night, off-peak electricity powers me-
chanical equipment to chill water and circulate it through the pipes
imbedded in the slab, thus cooling this structural mass. During the
day, as 'the building experiences heat gains, the cool mass absorbs the
sensible component of the heat, to be removed again at night. The stor-
age system cannot, however, remove the latent heat gains, and minimal
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ventilation air must be supplied to meet the required building codes.
Thus, a small mechanical system must be operated during the day to re-
move these loads. Figure 5.1 shows a schematic cross-section of the
proposed cooling system.
f ( f/fcarpet g
0~a
* 1q.
chilled water
pipes
air
Fig. 5.1. Schematic of Proposed Cooling System
5.2.1 The Concrete Slab.
Using the concrete slabs in buildings as an off-peak thermal
storage medium eliminates the added expenses for the building owner
that are-typically associated with thermal storage. The prohibitive
expenses of storage tanks for water and ice storage, the special pro-
cessing and packaging of phase change materials, and the volumetric re-
quirements of seasonal storage do not appear in this structural concrete
system.
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Utilizing the large heat capacity of these slabs (100 Wh/m 2k) in-
volves increasing the direct coupling of the mass with the room air and
surfaces, as well as to the heat sources in the room. Coupling to the
surfaces in a room and the occupants in the room requires the elimina-
tion of the, now-standard, suspended ceiling to enhance the radiative
heat transfer to the mass. The analysis of the magnitude of this com-
ponent of the heat transfer will follow in the next chapter. For now
it will suffice to say, however, that a geometry other than planar will
be required to best facilitate this heat transfer. Figure 5.2 repre-
sents some standard slab geometries that provide the increased exposed
ceiling surface area suggested with the system.
Solid Slab With Purlins Double-T
Honeycomb or
Two-Way Waffle Hollowcore Plank
r I(QICO 
D
Fig. 5.2. Various Structural Slab Geometries.
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Suspended ceilings are not without their benefits. They provide
good acoustical absorption, can house the lighting fixtures, provide
space for building services, and make the plenum a return air duct for
the mechanical systems. Each of these services must also be provided
successfully by the exposed ceiling slab to justify its use.
5.2.2 Acoustics and Exposed Ceilings.
Office buildings have substantial acoustical requirements, partic-
ularly with open-plan configurations. These typically involve interior
partitioning which does not go completely to the ceiling, facilitating
greater illumination distribution and local communication as well as al-
lowing a great deal of flexibility/changeability in office design.
Structural costs also favor these open-plan partitions. However, these
systems place substantial "strain" on the acoustical environment.
The loss of acoustical privacy requires active solutions, particu-
larly for types and locations of acoustical absorbers. The suspended
ceilings provided a convenient location and regularly were constructed
of very sound absorptive materials. Acoustical solutions must address
both impact-generated and airborne noise. Most carpeting systems and
cushion-backed vinyl floor systems adequately meet the impact isolation
requirements.2 For airborne noise, the problems of local reflection
must be addressed.
One of the largest constraints of wide-spread retrofitting of ceiling-
mounted thermal storage systems, such as with phase change materials,
involves achieving adequate heat transfer through the ceiling system to
the storage while at the same time providing adequate acoustical absorp-
tion.3,4 Materials which were highly heat conductive and simultaneously
sound absorptive would greatly facilitate the acceptance of these sys-
tems. Recent investigations have focused on other methods of employing
acoustical control with ceiling-mounted PCM and structural mass storage. 5 '6
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One method would be to suspend sound-absorptive baffles or lou-
vres from the ceiling. The baffles should be radiatively reflective,
so as not to inhibit the heat transfer to the ceiling, and made of
sound absorptive materials with an exposed surface area approximately
equivalent to the ceiling area. This is illustrated in Fig. 5.3.
Fig. 5.3. Exposed Ceiling Slab With Acoustic Baffles.
The amount of acoustical control necessary will depend on the
function of the particular space. Conference rooms and "confidential"
speech areas will obviously require greater sound isolation. In open
plan offices where conversational voice levels are acceptable, the
spacing and density of work stations change the acoustical requirements.
As the density of work stations decreases less sound absorption
is required since the number of sound sources per unit area decreases
and the distance between sources increase. Obviously, this would be
beneficial for the heat transfer to ceiling thermal storage for a baffle-
type system, as the number of frequency of baffles would be reduced.
However, office economics are such that maximum work station density is
required, implying higher noise levels with exposed ceiling storage.
This problem can be partially abated by using sound absorptive
materials in the partial height partitions in these offices, and by
staggering the work station entrances. As the height of these parti-
tions increases, the sound isolation also increases. However, a limit
of approximately 5 feet in height exists, due to a resulting maze-like
quality above that, and also due to loss in daylighting potential.
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Different geometries of exposed ceiling slabs will require differ-
ent acoustical treatment. Robert Newman, acoustical engineer of Bolt,
Bernaek & Newman, Inc., suggests the following acoustical design con-
siderations for these ceiling distributed thermal storage systems.
- no solid (reflective) flat ceiling surfaces greater than
2 ft2 to prevent localized reflection;
- if suspended baffles are used they must have roughly the
same absorbing surface area as ceiling area;
- possible introduction of steady background noise to prevent
intrusion of specific intermittent sounds (such as phone
ringing) 8
Ceiling geometries such as the exposed double-T or honeycomb sys-
tems provide opportunities for sound absorption that are not availa-
ble to planar ceiling configurations. Figure 5.4 represents one pos-
sible solution. Here one of the main criteria of the design is to re-
tain the maximum amount of exposed surface area, for the radiant inter-
change within the space, while providing adequate sound absorption via
the proposed guidelines.
Carpet
Air
Fig. 5.4. Acoustical Absorber in a Waffled Slab System.
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5.2.3 Artificial Lighting and Exposed Ceiling Systems.
The role of artificial lighting in the heat gains of a building
has already been discussed, and, recognizing its magnitude, the coup-
ling of the lighting system(s) to the mass must also be addressed.
Again, the honeycomb-and double-T-type geometries provide the po-
tential for good solutions. Existing lighting systems can be incorpor-
ated effectively with little, if any, added expense.. Vented and indi-
rect lighting fixtures imply good coupling to the mass. With vented
fixtures the heat generated by the lights can rise directly to the cool
mass above. With indirect fixtures not only is the light reflected
first off of the ceiling (or walls), the heat source is also in direct
radiant contact with the ceiling, further facilitating removal of this
component of the internal heat gains. These schemes are diagrammed in
Figs. 5.5 and 5.6.
Carpet
919
Light
Fig. 5.5. Vented Lighting Fixtures With Exposed Structural Mass.
Fig. 5.6. Indirect Lighting Fixtures with Exposed Structural Mass.
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5.3 Thermal Comfort With Radiative Cooling.
5.3.1 Introduction.
"An understanding of physiological principles is essential in
designing heating, ventilating, and air conditioning systems
for thermal comfort and health."9
Achieving thermal comfort conditions in the space is an integral
component in the design of the proposed system. The conditions for
"comfort" and the role of "radiative cooling" in the system are out-
lined below.
The general heat balance equation for heat exchange between the
human body and the environment is:
S = M - (+W) + E + R + C
where S = rate of heat storage which is proportional to
the time rate of change in intrinsic body heat
M = rate of metabolism which is proportional to oxy-
gen consumption
E = rate of total evaporative heat loss, evaporation
of body fluids
R = radiant heat exchange with the environment
C = Convective heat exchange with the environment
W = mechanical work accomplished 10
There exists a wealth of literature on what environments provide
"thermal comfort" for its occupants.ll,12,13
This discussion of thermal comfort will focus on the radiative
component (R) of the heat balance equation, and particularly on
achieving comfort conditions via radiative cooling, i.e., increasing
the radiative heat loss from the body with a localized "cool" source.
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5.3.2 Mean Radiant Temperature.
The amount of heat lost from the body is a function of the mean
radiant temperature (MRT) of the surroundings, and the temperature of
the body surface. Mean radiant temperature is defined as the uniform
surface temperature of an imaginary black enclosure with which a per-
son (also assumed a blackbody) exchanges the same heat by radiation
(R) as in the actual environment. 14
Figure 5.7 shows a plot of lines of comfort as a function of the
combined effects of mean radiant temperature and air temperature for
sedentary activity (office work) and light clothing.15
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Fig. 5.7. Comfort Lines for Sedentary Activity in Light Clothing.15
This figure suggests that a lower MRT will keep an occupant in the com-
fort zone at higher ambient air temperatures than when the surfaces and
air are at the same temperature.
There is wide dissention over the relative magnitude of radiant
heat exchange in thermal comfort. This dissention is shown in Table 5.1.
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TABLE 5.1
Relation between air temperature (TA) and radiant temperature (TR) for comfort 1 6
g Reference
Physical determingtion
Operative temperature 0.5 Mackey1 4 (1944)
Resultant temperature 0.42 Neilsen and Pedersen 2 (1952)
Operative temperature 0.75 Gagge et al6 (1967)
Comfort equation 0.48 Fanger' (1970)
Subjective determination
Equivalent temperature 0.45 Bedford' (1936)
0.42 Koch1 " (1962)
0.46 Schlegel and McNall 24 (1968)
Recommendations
ASHRAE 0.58 McNall and Nevins" (1968)
ASHRAE 0.62 Nevins and Gagge2 2 (1972)
0.72 Lueder" (1963)
g is the relative importance of radiant temperature.
However, even with these differences, it is possible to quanti-
tatively discuss these radiant interfaces. Experimental studies by
McNall and Schlegal17 and P.O. Fanger18 among others, have shown that,
in fact, comfort is maintainable with interchanges between air temper-
ature and near radiant temperature. McNall found that a 1*F decrease
in MRT will allow a 1.3*F increase in ambient air temperature and re-
main in the comfort zone.
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5.3.3 Symmetry.
One important consideration in determining if thermal comfort con-
ditions are achievable via altered radiant environments is the symmetry
of the radiant source siwth respect to the individual. Fanger has em-
pirically developed a standard geometry factor (or angle factor) cal-
culational method to assess the sensitivity of the radiant exchanges
to geometry.19 Figure 5.8 illustrates two such sets of geometry
factors for a sitting individual in a room and the angle factors be-
tween him and a strip of vertical wall and also to a horizontal ceiling.
Questions have arisen as to the validity of Fanger's methods for
symmetrical radiant environment when applied to asymmetrical radiant
exchanges. Most studies for asymmetrical radiation have focused on lo-
calized heat sources, such as a radiant panel.20 Schlegal and McNall
investigated the effects on comfort due to asymmetrical radiant fields,
particularly those due to localized that sinks (surface temperatures
lower than the temperature of the ambient air. Their results support
the application of Fanger's comfort equation for symmetrical radiation
to also analyze asymmetrical fields.21 They found that this comfort
equation was applicable even when the surface temperature is as much
as 27*F colder than the air temperature.
Studies by Boje, et. al. in 1948 examined the physiological effects
on people opposed to these extremely cold localized heat sinks for 6
hours a day for 15 days and found that several developed muscle sore-
ness.22 This is a common phenomenon for office workers who spend long
23hours by a very cold window surface. No literature was found on the
effects of milder localized cool surfaces. None of the referenced lit-
erature mentioned adverse health effects due to milder (less than 270F
colder than the ambient air) temperature differences. Several addressed
the positive potential of radiative cooling.
2 4
,
2 5
'
26
Ix0
-J
CD
z
0 1 2 3 4 5 6 7 8 9 10
b/c
DETAIL
0 .2 .4 .6 .8 1.0 12 14 1.6
b/c
LL
w
z
C-)
0
z
0 1 2 3 4 5 6 7 8 9 10
b/c
0 .2 .4 .6 .8 10 1.2 14 1S 1S 2.0
b/c
Fig. 42. Angle factor between a seated person and a vertical rectangle, in front of him
and above his centre, or behind him and below his centre (case 1).
Example: a = 6m, b = 2m, c= 4m. b/c = 0.5, a/c = 1.5: FP-A = 0.037.
Fig. 46. Angle factor between a seated person and a rectangle on the ceiling and forward
of his centre, or on the floor and behind his centre (case 5).
Example: a = 3m, b = 2.4m, c = 0.6m. b/c = 4.0, a/c = 5.0: FP-A 0.111.
Fig. 5.8. Angle Factors For A Seated Person.19
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6.
System Simulation
6.1 Analytical Techniques.
The heat transfer characterisitcs and dynamics of the system were
analyzed in the transient mode, using conventional 2-dimensional finite
difference techniques.
6.2 The Two-Dimensional Transient Model.
6.2.1 Conduction.
"Heat conduction provides a convenient starting point for our
formulation, because the physical processes are easy to un-
derstand and the mathematical complication is minimal."'
The conduction through the system is-determined according to the
outlines suggested in Conduction Heat Transfer by V.S. Arpaci2 and
Numerical Heat Transfer and Fluid Flow by S.V. Patankar.3 These out-
lines and their application to the proposed system are discussed here.
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The proposed geometry is divided into a series of finite compon-
ents, or control volumes, of dimensions 3x * 3y * Dz. (For a two-
dimensional analysis 9z = 1.) A rectangular, equi-volume series is
chosen for convenience. For reference, a mid-section of the slab is
illustrated in Fig. 6.1 to illustrate the principles of the finite-
difference analysis.
NW N NE
Con tro lWE
Volume - 7 v
OE
SW IS ISE
Fig. 6.1 Reference Section of the Finite Difference Analysis
The control volume around point P, bounded for simplicity by the
mid-points between the nodes in the network, will be used to demonstrate
the conduction principles.
The amount of heat flowing into node P in one dimensional terms is
q = -kA (61)
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and in two-dimensional differential terms:
PC T a kOt + kUt
p c t Dx = a+ 9y 9y (6.2)
Note that this equation is finite in terms of x and y . Now
rewriting Equation (6.2) in terms of the discrete components N,S,E,W,
and P:
@T (TN - T ) (T - T ) (T - T ) (T - T )
pc -k9x + k~x + k9y + k9yp at 3y ay 3x 3x
(6.3)
where: T - is temperature
t - is time
k - is the conductivity
c - is the specific heat
p
p - is the density
So, as heat is put into the system, the temperature of P will
rise
(T' - T
q = p~x~y c p Bt (6.4)
where: T' - is the temperature of P after timestep at.P
Combining (6.3) and (6.4)
AT' = BT + BT + DT + DT + (A - 2B - 2D) T
P N S E W P (6.5)
where: A = p3x~y c /at
B = kx/9y
and D = k9y/9x
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Patankar's "Rule 2" for explicit descretization methods require
all coefficients to be positive. This is obvious since T' increas-p
es as T increases. (This rule establishes stability in the model.)
p
Likewise, the term (A - 2B - 2D) is positive.
This "explicit" approach can be used to determine T' when the otherp
temperatures T , T , Ts, etc., are known. However, if none of these
temperatures are known, only their interrelationships, then the solution
will require the "implicit" solution of simultaneous equations of the
form
(A + 2B + 2D)T' - BT' - BT' - DT' - DT' = AT (6.6)
p N s E w P
for each node.
Figure 6.2 illustrates the proposed slab system and the node net-
work associated with it (without the chilled water pipes.) Note the
following conditions:
- Adiabatic conditions occur at x = 0 and x + L/2 , where0 0
L is the pipe spacing. This is intuitively obvious since there
is no heat flow in the x-direction at a point half-way between
two heat sinks of the same temperature in a homogeneous material.
- 3x is determined by distributing 13 nodes equidistant between
x and x + L/2.0 0
- 3y is determined by distributing 9 nodes equidistant between
y and y + w , where w is the slab thickness.
- If the surface conditions were the same, the system could also
be halved in the y-direction for analysis. This is not the case.
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- The heat transfer characteristics of the surface are determined
by the geometry of the surfaces modeled and their finish.
- The floor surface (y = y + w) is modeled as covered by a car-
pet with fibrous pad, as in most new offices, and the heat trans-
-3 2fer coefficient for the floor is h = 2.58158 x 10 Btu/hr.in .
*F.5
- The heat transfer at the ceiling surface (y = y ) is determined
by the geometry (planar, finned, etc,) and is discussed in the
next section.
- The capacitance of the room air nodes (10, 20, 30 ... 130) is
determined by room ceiling height.
- The heat gain of the space is input first into the room air nodes.
Applying the previously defined equations to this configuration it
is easy to recognize the direct application of the 9-node example to the
"inner" nodes of the slab. However, the corners and edges require addi-
tional definition.
6.2.2 Surface Nodes. (ceiling and floor)
Using node #11 as an example, Equation (6.6) becomes
[p cP k3y T' - T ' _) + ky T ' - T
2 3t 11 11 23x 1 1 1  23x 2 1  11
+ h 9x (T2' - T1 ') (6.7)s 20 1
where hs is the heat transfer coefficient of the surface, and 3x~y/2
shows that the volume of the elements at the surface is one-half that of
the inner nodes. The value of h is discussed in Section 6.4.
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Fig. 6.2 The Finite Difference Network.
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6.2.3 Edge Nodes. (y at x = x and x = x + L/2 except nodes 1,o 0
121, 9, and 129)
Using node #3 as an example:
- T3) + k x T' - T') + kax T' - T')3 23y 2 3 23y 4 3
(6.8)
Here the elemental volumes are again one-half that of the inner nodes.
6.2.4 Corner Nodes. (1, 9, 121, 129)
Using node #1 as an example:
p ~T (T' - T ky (T T + - + hx1 23 2 1 2 05 1~
(6.9)
Note here that the volumes of the corner elements is expressed as 9x~y/4
or, one-fourth that of the inner nodes.
6.2.5 Room Air Nodes. (10, 20, 30, etc.)
The room air is a sensitive element in that the capacity is depen-
dent on room height, the internal heat gain is distributed here, and the
coupling of the surfaces is dependent on several factors. Using node #20
as an example
[p c (T' - T2 0) = h 3x (T - T20) + h fx (T1'1 - T2 0) + (qmaxJ.
(6.10)
p a -DY _ (T' - T ) =ay (T '
2 It 3 3x 13
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where: H - is the room floor to ceiling height
h - is the ceiling heat transfer coefficient
c
h - is the floor heat transfer coefficient
q m - is the internal heat gain in the room
f - is the percent of the total load at time Dt
6.2.6 The Effects of the Pipes.
So far the slab has been assumed solid and homogeneous. As the
chilled water pipes are added to the system, certain node values will
change depending on the size of the pipe, y-location of the pipe, and
the spacing between the pipes. Figure 6.3 illustrates an example with
the pipe located at (x , y5) with the radius, r , such that
3x < r < 23x.
4114 124
5 15 25
j r
6 - 16 26
xo
Fig. 6.3 The Pipe in the Finite Difference Network.
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6.3 Surface Geometry and Heat Transfer.
To further facilitate the heat transfer from the room and its oc-
cupants to the cooled ceiling slab, geometries other than planar were
investigated. This is consistant with present construction practices
as honeycombed and finned structural slabs are commonplace.
The heat transfer characteristics of fin configurations are well
documented.6' 7 The addition of fins into this system is modeled as an
increase in the effective heat transfer coefficient (h ff) of the ceil-
ing surface. This new heat transfer coefficient is determined by first
assessing the performance of a given fin geometry, determining the heat
transfer coefficient of the fin, determining the optimal fin geometry,
then finding the new heff by combining the heat transfer coefficient
of the fins and the planar slab and weighting them according to their
exposed surface areas. The process is shown below.
It has been shown that for a finite fin of length L , as in
Fig. 6.4 that
q = (Tb f) kAhP tanh[ J L
where Tb - is the temperature of the base
T - is the temperature of the fluid (air)
k - is the conductivity of the fin
A - is the cross-sectional area of the fin
P - is the perimeter of the fin
h - is the heat transfer coefficient of the fin
L - is the length of the fin.8
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Lf
Fig. 6.4 Fin Schematic
As shown earlier, the heat transfer of the system can be described
as
q = hA(Tb - T )
By combining and equating the two, the new heat transfer coefficient
of the fin becomes
h = tanh [ L
Assuming a fin of simple rectangular geometry provides an illus-
trative example of how the magnitude of h changes with the various
parameters. Given the variables and symbols of Fig. 6.6 as a reference,
Table 6.3 shows the changes in h with thickness 6 , length
L and unit width.
TABLE 6.1
Sensitivity of the heat transfer coefficient of a concrete
fin on a ceiling slab to length and thickness.
(Note all units of h are 10-2 Btu/hr.in2 .OF)
6 (inches) Lf 6 inches . Lf 12 inches
1 3.976358 3.976358
2 3.443580 3.443627
3 3.246596 3.246680
4 3.143467 3.143587
5 3.079900 3.080070
6 3.036800 3.036990
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Now, according to the previous conditions, an effective heat trans-
fer coefficient for the entire finned-slab system can be determined for
the model.
h A h A
h = + cc
system A A
system system
where hc - is the planar ceiling coefficient
A - is the area of the system that is planar
c
A - is the area of the system that is finned
Asystem 
- is Af + Ac
Now applying a cross-section of the values for h compiled in
Table 6.1,.the new hsystem can take on an assortment of values as
shown in Table 6.2.
TABLE 6.2
Modified ceiling heat transfer coefficients to simulate
the effects of various fin geometries.
(Note: all units of h are 10-2 Btu/hr.in2 .OF
and h [without fins] = 1.1384 x 10-2)
c
ONE-HALF PIPE SPACING L
6 6 8 12
1 hsystem = 1.6114 1.4932 1.3749
2 1.9068 1.7147 1.5226
3 2.1925 1.929 1.6655
4 -- 2.1410 1.8068
5 -- -- 1.9474
6 -- -- 2.0876
-9:3-
Obviously, optimizing the heat transfer characteristics of the
system is not the only determinant of fin geometry. A balance must
be struck with the producers of the system and the types of geometries
they can expediciously and economically fabricate. Given some flexi-
bility in production, consideration of an "optimal fin" can be addressed.
Figure 6.5 illustrates the dilemma.
Fig. 6.5. Various Fin Geometries.
Remembering that
q b (Tb T f) /2hk6 tanh[/ Lf
So let -
-3/2
M = -- (L *6) 6
and
1/3 1/ 2/3 9
C =0 (L * 1/3 k 1/3  (2h) = constantb
Therefore
qb = CM 1/3 tanh M
differentiating qb with respect to M and setting it equal to 0 to
obtain limits
- = 0 the M =1.4192
opt
then 
- ] 2/3
= (L .6 9) -
opt L_ 1.4192 .
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7.
Conclusions
7.1 Introduction.
The results of the two-dimensional finite difference analysis are
presented here. The actual data is compiled in the Appendices and is
referenced throughout this chapter in the form [AA-1, AA-50], meaning,
"Appendices AA-1 and AA-50." These appendices are included to facili-
tate any interests in reproducing and upgrading this analysis. Some
suggestions for other areas of investigation conclude this chapter.
7.2 Assumptions.
As with any type of problem solving, the decisions about which
"variables" to hold "constant" can greatly color the solutions. For
that reason the assumptions involved in this analysis will be discussed
in the same terms as in Chapter 6, especially referring to the nodal
distribution as shown in Fig. 6.2.
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7.2.1 Application Assumptions.
The ideology of exposed structural mass thermal storage seems to
suggest wide-spread acceptance and utility. However, there are several
drawbacks. As shown in the structural mass studies discussed earlier,
there exists an extreme sensitivity to instantaneous heat gain, such
as happens at 9:00 a.m. in most office buildings. This burst of load
then is distributed throughout the space more or less evenly. Remember,
however, that the sensitivity of the building is not only a function of
internal load. A particularly illustrative example is the conditions
that occur in perimeter zones that have also to contend with the sun as
a heat source. If, on an overcast day the sun were to burst from be-
hind the clouds for a few moments, the perimeter zones can easily exper-
ience an almost instant cooling load. Since the exposed mass is less-
responsive than a typical air system, the application of the proposed
system may not be ideal for perimeter zones of buildings.
However, in temperate climates where different areas of the build-
ing might be requiring heating and cooling, this system may suggest the
potential for heat/cool transport between zones. For the remainder of
this discussion the system will be presented as being only in the core
zones of the building where the loads are almost constant and the in-
stantaneous heat gains are minimal.
Another reason for this choice is the typical magnitude of the core
of these buildings compared to the perimeter, as shown in Fig. 2.9.
Even in cool climates, the core zones of most office buildings cool year-
round, suggesting a near constant seasonal profile.
7.2.2 Load Assumptions.
As suggested by the office building schedules in Chapter 2, the
load for this system follows an occupancy/lighting-sensitive profile.
The following hourly percentages of total load were employed:
-97-
midnight
7 a.m.
8 a.m.
11 a.m.
noon
1 p.m.
2 p.m.
5 p.m.
6 p.m.
8 p.m.
to
to
to
to
to
to
to
to
to
to
7 a.m.
8 a. m,
11 a.m.
noon
1 p.m.
2 p.m.
5 p.m.
6 p.m.
8 p.m.
midnight
=8.%
= 10.%
= 100.%
= 90.%
= 75.%
= 95.%
= 100.%
= 50.%
= 25.%
=8.%
The range of loads employed are expressed in
(Watts/ft 2). Values of 2.5 to 4.0 were used
(emergency lighting, etc.)
(full occupancy and lights)
(early lunchers)
(full occupancy and lights)
(janitorial and lights)
terms of power density
to suggest a good range for
2
standard office building practice, and 2.5 Watts/ft suggests a fairly
"energy-sensitive" design goal.
7.2.3 Chiller and Fluid Assumptions.
As shown by Toups, off-peak (nighttime) operation of chillers
provides a wealth of economies. With the lower nighttime ambient tem-
peratures, the condenser water temperatures can be lowered. Table 7.1
(from Toups) shows that a chiller would require approximately 10% less
power to meet the same load, simply by lowering the condenser water
temperature 7*F, and the elimination of large fans to move chilled air
suggests further economies. (As mentioned in Chapter 5, there is a small
requirement of fan power to meet the necessary ventilation load and to
remove the latent component of the heat gain.)
Each of the runs submitted here assume that at night the chillers
are operating at constant load and maximum efficiency providing 430F
chilled water to remove the heat gains from the building's core. The
schedule'for chiller operation and fluid temperature follows Consoli-
dated Edison's 11-hour off-peak schedule as follows:
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TABLE 7.1
Vapor Compression Chiller Performance Data From
Carrier Series 19 Design Specifications2
500 TON SELECTIONS (1759 kW)
ADJUSTED LVG. CHILLED WATER
ADJ. LVG. TENPERATURE - F C)
COND.WTR. 40 42 44 45 46 48
TEMP. (4.4) (5.6) (6.7) (7.2) (7.8) (8.9)
(F) (C) KW KW KW KW KW KW
85 29.4 356 342 336 329 329 322
90 32.2 387 381 356 363 360 341
92.5 33.6 404 490 366 377 377 354
95 35.0 425 403 395 388 388 366
97.5 36.4 440 429 406 402 403 389
100 37.8 468 442 433 416 416 402
midnight
8 a.m.
9 p.m.
to
to
to
8 a.m. =
9 p.m. =
midnight =
off-peak
on-peak
off-peak.
The program is constructed as having water circulated all day.
This constraint actually suggested alternative configurations that
may be achievable with this cooling system.
To simulate no "cooling" during the day, the temperature function
involving the water system would have to be "cut off." In trying to
work around this problem, the idea occurred to circulate street water
(water main water) through the building during the day. The tempera-
ture of this water varies with location, but is typically between 50
and 600, and, as a result, has substantial cooling potential. If this
cooling source could be incorporated into the daytime operations of the
system, the effect would be a dampening (even further) of the tempera-
_1%
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ture swing experienced by the mass and the room air. One such "hybrid"
application might utilize some intermediate storage tank in which to
cool this fluid at night. Even a common roof-mounted evaporator may
be used. Again, the main problem with chilled water storage is the
prohibitive expense of the tank. For this type of solution to be ap-
plied, an investigation of first costs is in order. For these analy-
ses the relative thermal merit of circulating 55 and 60 *F water during
the day was assessed.
7.3 Reading the Output.
Each output file is 72 hours of data. Since this model requires
initial starting conditions, it is necessary to let the system balance,
to reach some sort of harmonic equilibrium in each daily cycle. For
the most part the 3-days of iterations do balance. In each case "DAY
3" is the most realistic of the group and it is from "DAY 3" that the
analytical data is compared. Hour 49 corresponds to 1 a.m., 60 is
noon, 65 is 5 p.m., and 72 is midnight.
The surface temperature nodes correspond to the geometry defined
by Fig. 6.2. The letters "F," "M," and "C" mean "Floor," "Mid-slab,"
and "Ceiling," respectively. The far right-hand column is the hourly
water temperature.
The surface temperature will be symmetrical about the adiabatic
conditions at x and x + L/2 and the average surface temperatures
will generally be the temperature of nodes F(61) and C(69) . This
will change as the pipe is moved closer to the ceiling surface.
7.4 The Effects of Varying Pipe Spacing L , with Load q
Each combination of pipe radius, fin geometry, pipe location, and
fluid temperatures was examined to determine the relative sensitivity
of pipe spacing and load. As previously suggested, the exposed
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structural mass cooling system is sensitive to large instantaneous heat
gains, such as those that occur around 8 a.m. when the building is
"turned on." For example, run AA-10 shows that for pipe spacing 1 foot
on center and a load of 2.5 Watts/ft 2, the air experiences a 5*F tem-
perature increase from 8 to 9 a.m. However, immediately following this
jump, the inertia of the system takes over and the increases, even with
100% load are less, usually from 0.5 to 2.5*F per hour. This type of
response is similar to those found by Rosenfeld, et. al. in the Swedish
Hollowcore system.3  Each configuration examined showed this same trend.
An enlightening way of discussing the effects of different pipe
spacings is to view the daily peak air temperatures of various config-
urations and how those peaks change. (The peak hour is 65 on Day-3,
which corresponds to 5 p.m.)
By changing the pipe spacing from 1 foot to 18 inches to 2 feet
[AA-1 through AA-9] the ability of the mass to dampen the room air tem-
perature swing changes dramatically. In AA-1 with the pipe spacing 1
foot on center and load of 2.5 Watts/ft2 the peak air temperature is
69.9*F. However, when going to 18-inch and 24-inch-pipe spacing this
peak jumps to 82.8 and 86.4*F, respectively. Obviously these tempera-
tures are unsatisfactory for comfort conditions and become even more
severe as the load is increased. Remember here that only a planar ge-
ometry has been investigated so far in this discussion. Until the fin-
ned surfaces are addressed, the 24-inch pipe spacing will be disregarded
in these arguments.
7.5 The Effects of Varying Pipe Diameter.
Again, optimal heat transfer is not necessarily the ultimate end.
Each "variable" decision will also be dependent on the costs of the pro-
posed changes. The pipes (type, size, and spacing) being a major com-
ponent of the system could easily become cost-determinant rather than
strictly thermally-determinant.
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However, thermally speaking, the radius of the pipe and the system's
sensitivity to it, require close examination before rapidly concluding
the results.
For discussion AA-1 and AA-13 will be compared. These runs are
identical except for the pipe radius, .5 and .375 inches, respectively.
Here, the differences in peak air temperature are not very illuminating.
What is illuminating is the swing that the air experiences with these
changes. The system with the 1-inch pipe demonstrated a swing of 12.2*F,
peaking at 69.9*F. The system with the 3/4-inch pipe showed a 10.8*F
swing, peaking at 70.9. This suggests several interpretations.
As expected, the 1-inch pipe can liberate much more heat from the
system, and faster, than can the 3/4-inch pipe. However, the tradeoff
in costs may not be justified by this difference alone. The 3/4'' pipe
still removes the load effectively with only a 1.4% increase in peak
air temperatures.
7.6 The Vertical Location of the Pipe in the Slab.
For most of the configurations analyzed, the pipe was assumed to
be midway in the slab (y = 5). However, if the production requirements
and structural implications are not prohibitive, the pipe may be moved
near the ceiling surface to further lower the MRT to improve the com-
fort conditions in high air temperature situations. Runs AA-13 and
AA-30 are identical except for pipe location. In AA-13 the pipe is
centered at node 5 and in AA-30 the pipe is moved as close to the ceil-
ing surface as possible (node 8) for increased coupling to the heat
gains.
Though there is only a 1* difference in the peak air temperature
and the swing, there is an average of 3*F difference in the average
ceiling surface temperatures, with the colder one being the pipe at
node 8. These findings were reinforced-in runs AA-31 through AA-38.
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7.7 The Effects of the Daytime Water Temperature.
AA-1 and AA-10 compare the variance achieved by moving 55 and 60*F
water, respectively, through the piping system during the day. When
this temperature is reduced, one would expect the thermal profile to
change but the magnitude of that change requires close scrutiny.
With 1 foot spacing of 1 inch pipes, a load of 2.5 Watts/ft2 , and
daytime water temperature of 60*F, the peak air temperature achieved
was 73.6*F. Just by lowering the daytime fluid temperature 50F the
peak is reduced by 3.7*F, or about 5%. This is surprisingly large and
is probably due to the "marginal" temperature differences between the
slab and the fluid at 8 a.m. Similar results were achieved for differ-
ent pipe spacing. AA-2 and AA-ll show that a 3.50F difference in peak
air temperatures results under the same conditions but with the pipes
spaced 18 inches on center.
7.8 The Effects of Fins.
As outlined in Chapter 6, the surface heat transfer coefficient
h was modified to simulate the effects of a finned surface. Table
c
6.4 shows how the value of h changes with fins of various geome-
tries. For these analyses the following criteria were established:
- the fin thickness 6 ranged from 1 inch to 4 inches and was
dependent on the pipe spacing;
- for pipes spaced one foot on center the maximum fin thickness
was three inches;
- for 18-inch spacing, the maximum thickness was 4 inches;
- for 2 feet spacing, the maximum thickness was 4 inches;
- the increase in the overall surface heat transfer coefficient
was determined via averages weighted by exposed horizontal
area.
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For comparison, runs AA-4 and AA-46 investigate the relative ad-
vantages of adding a 2-inch thick by 6-inch long fin to the otherwise
planar system with the pipes spaced one foot on center and a load of
2
3.0 Watts/ft2. The fins, as expected, reduce the peak air temperature
(2*F) and, more importantly, reduce the system's sensitivity to instan-
taneous gains! For the non-finned situation, AA-4, the early morning
"turn on" of the building results in an immediate 6.2*F rise in air
temperature. However, when the ceiling surface heat transfer coeffi-
cient is increased due to the addition of fins, this instant increase
is reduced. For the finned situation of AA-46, where the fins increase
-2 2 o- 2
the value of h from 1.1384 x 10 Btu/hr.in .*F to 1.9 x 10 Btu/
hr.in 2. F, the early morning gain is reduced by 29% to 4.4
0F.
The implications of this finding are that the system can be oper-
ated at slightly higher slab and air temperatures, softening the im-
pact of the room being cold in the morning. These low early morning
temperatures, (60* - 69*F), just before occupancy, are consistent
throughout the analysis, and are in general agreement with other ceil-
ing-distributed thermal mass studies. This is one of the problems
with this type of system that will need even further investigation.
At the opposite end of the combinational spectrum similar results
were obtained. AA-5 and AA-50 simulate 18" pipe spacing, 3.0 Watts/ft
2
power density, and 4" thick fins. Again the air temperature jump at
8 a.m. was reduced by 27.5%.
7.9 Recommendations.
This analysis provides a starting point from which further inves-
tigation of an off-peak cooling system such as the one presented here
could be performed. Investigations of the main issues of this thesis,
particularly focusing on pump vs. fan power, chiller efficiency, and
off-peak energy consumption are encouraged. Specifically, future an-
alyses should include:
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1. Upgrading and expanding the existing model to simulate more
intricate and involved perturbations such as in combining
several of the strategies suggested.
2. Investigation of the thermal (heat transfer) and economic
(real estate) implications of lowering the ceiling height
when such systems are employed.
3. Modification of the existing program to become "sensitive"
to certain parameters, such as surface temperatures, and to
control internally what the optimal chiller schedule should
be, rather than prescribe it.
4. Simulation of the effects of the fins by finite element an-
alysis, such as with the ADINA-T program which is well docu-
mented and validated. A finite element analysis of the
finned system would provide a wealth of information as to op-
timal fin sizes, optimal fin spacing, fin spacing in relation
to pipe spacing, and even configurations where the pipes might
be housed in the fins.
5. Different calculational procedures within the program to spe-
cify the chilled water temperature required to maintain a
given air temperature or surface temperatures.
6. Simulation of different flow rates of the fluid in the pipes
to reflect how much heat they actually liberate from the slab
and, ultimately, how much the chillers have to remove.
7. The economic implications of this system type. The quanti-
tative aspects of fan power versus pump power should be fur-
-ther assessed, and also the associated reductions in both
first costs and operating costs. Ultimately the economics
of producing the slab system must be addressed.
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8. Assessing the potential for heat transport to/from the perime-
ter zones in off-peak cooling applications using structural
mass storage.
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8.
A Personal Note
Energy sensitivity in design is not just a fad to be discussed
and discarded. It represents an intimate understanding of people,
environment, and "quality" that is more than topical, more than roman-
tic, and more than dollar-wise. It acknowledges and confirms that the
buildings we inhabit every day, at work, school, and home, are inte-
gral parts of our lives. They respond to us as organisms, influence
how we feel, emote, and respond to those around us, and are one of the
main determinants of the quality of our short life on this planet.
Recognize that most of what we build and inhabit today will also touch
the lives of those who follow us, who will perpetuate the lessons we
teach them. Care. Teach by example.
May 14, 1982
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9..
Appendices
The Appendix is comprised of a total of 50 different variable
combinations analyzed via the finite difference network outlined in
Chapter 6. Each of the configurations was allowed to iterate 72
hours to achieve a near-sinusoidal balance for one day's thermal pro-
file. Each configuration was some perturbation of the following list
of variables and values:
- half the pipe spacing (L) = 4, 6, 9, and 12 inches
- pipe radius (r) = .375 and .5 inches
- vertical pipe location yp = node 5 and node 8 2
- installed power density (q) = 2.5, 3.0, 3.5, and 4.0 Watts/ft
- ceiling surface heat transfer coefficient (HTC), as outlined in
Chapter 6.3 and compiled in Table 6.4
- daytime fluid temperature = 55 and 60*F.
- in each case the starting conditions were:
slab thickness = 8 inches
T air = 65*F
Tslab = 60*F
Twater night = 43*F
Table A.1 lists each of the enclosed analyses.
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TABLE 9.1
Output Files for the Finite Difference Analysis*
AO el' C.,#' AO A Z
0 0 g~
4 ~ ~ 4yy l ~ ~.c Page
*Blank spaces mean the value
in the previous run.
for
5 1.13843.5
.375
Appendix
AA- 1
AA- 2
AA-3
AA-4
AA-5
AA-6
AA-7
AA-8
AA-9
AA-10
AA-11
AA-12
AA-13
AA-14
AA-15
AA-16
AA-17
AA-18
AA-19
AA-20
AA-21
AA-22
AA- 23
AA-24
AA-25 I I I
2.5 55
3.0
3.5
2.5 60
3.0
2.5 55
3.0
3.5
2.5 60
3.0
2.5 55
3.0
3.5
that variable is the same as
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TABLE 9.1 (continued)*
12 1 .5
9
6
9
5
3.0
1.3749
1.5226
1.6655
1.4932
1.7147
1.9290
1.6114
1.9068
1.6114
1.9068
1.4932
1.7147
1.9290
2.1410
*Blank spaces mean the value for that variable is the same as
in the previous run.
AA-1
half the pipe spacing = 6.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
F1 F31 F61 F91 F121
60.5
59.9
59.3
58.7
58.2
57.7
57.2
56.9
61.7
63.2
64.5
65.0
65.1
66.8
68.0
68.8
69.5
67.4
66.1
66.0
65.1
64.7
63.9
62.9
OAY 2
62.0
61.2
60.5
59.8
59.2
58.6
58.0
57.7
61.8
63.5
64.7
65.3
65.3
67.1
68.2
69.0
69.7
67.6
66.2
66.1
65.2
64.9
64.0
63.0
59.6
58.7
58.0
57.4
56.9
56.5
56.1
55.7
57.0
58.6
59.7
60.6
61.3
62.1
62.8
63.4
64.0
64.2
64.3
64.5
64.6
63.6
62.2
61.1
60.2
59.4
58.8
58.2
57.7
57.2
56.8
56.3
57.1
58.7
59.9
60.9
61.5
62.3
63.0
63.6
64.1
64.3
64.5
64.6
64.7
63.7
62.3
61.1
59.6
58.9
58.1
57.5
57.0
56.6
56.1
55.8
56.8
58.1
59.3
60.2
60.9
61.7
62.4
63.0
63.6
63.9
64.0
64.3
64.3
63.6
62.4
61.3
60.4
59.7
59.0
58.4
57.9
57.3
56.9
56.4
57.0
58.3
59.5
60.4
61.1
61.9
62.6
63.2
63.8
64.0
64.2
64.4
64.5
63.7
62.5
61.4
59.8
59.2
58.6
58.0
57.4
56.9
56.5
56.1
56.6
57.6
58.6
59.4
60.2
61.0
61.8
62.5
63.1
63.4
63.6
63.9
64.0
63.7
62.9
62.0
61.1
60.4
59.6
59.0
58.4
57.8
57.3
56.8
57. 1
57.9
58.8
59.7
60.4
61.2
62.0
62.7
63.3
63.6
63.8
64.0
64.1
63.8
63.0
62.1
60.0
59.6
59.0
58.4
57.9
57.4
56.9
56.4
56.7
57.3
58.1
58.9
59.6
60.5
61.3
62.1
62.8
63.1
63.4
63.7
63.8
63.8
63.3
62.6
61.8
61.0
60.3
59.6
58.9
58.3
57.7
57.2
57.3
57.7
58.4
59.2
59.9
60.8
61.6
62.3
63.0
63.3
63.6
63.8
64.0
63.9
63.4
62.7
slab thickness = 8.0 inches pipe
power density = 2.5 watts/sq.ft.
daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125
60.0
59.7
59.2
58.6
58.1
57.5
57.0
56.6
56.8
57.2
57.9
58.7
59.5
60.4
61.2
62.0
62.7
63. 1
63.3,
63.6
63.8
63.8
63.5
62.8
62.0
61.3
60.5
59.8
59. 1
58.5
57.9
57.4
57.4
57.7
58.3
59.1
59.8
60.6
61.4
62.2
62.9
63.2
63.5
63.8
63.9
63.9
63.6
62.9
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
54.1
53.3
52.8
52.5
52.2
51.9
51.6
51.4
56.4
57.6
58.3
58.9
59.4
59.8
60.2
60.6
61.0
61.3
61.5
61.6
61.6
56.6
55.4
54.8
54.2
53.8
53.4
53.0
52.7
52.4
52.1
51.8
56.2
57.6
58.4
59.0
59.5
59.9
60.3
60.7
61.1
61.4
61.5
61.6
61.7
56.6
55.5
54.8
58.6
57.7
57.1
56.6
56.1
55.6
55.2
54.9
56.0
57.2
58.2
59.0
59.8
60.4
61.1
61.7
62.3
62.8
63.1
63.3
63.5
62.1
61.0
60.1
59.4
58.7
58.1
57.5
56.9
56.4
56.0
55.5
56.2
57.4
58.4
59.2
60.0
60.6
61.3
61.9
62.5
63.0
63.3
63.5
63.6
62.2
61.1
60.2
59.7
59.1
58.5
57.9
57.4
56.9
56.4
56.0
56.1
56.8
57.7
58.5
59.4
60.2
60.9
61.6
62.3
62.9
63.3
63.6
63.7
63.5
62.8
62.0
61.2
60.4
59.7
59.1
58.4
57.8
57.3
56.8
56.6
57.2
58.0
58.8
59.6
60.4
61.1
61.8
62.5
63. 1
63.5
63.7
63.9
63.6
62.9
62.1
59.9
59.4
58.9
58.3
57.8
57.3
56.8
56.3
56.2
56.7
57.5
58.4
59.2
60.0
60.8
61.6
62.3
62.9
63.3
63.6
63.8
63.7
63.2
62.5
61.7
60.9
60.2
59.5
58.8
58.2
57.7
57.1
56.8
57.1
57.8
58.7
59.5
60.3
61.0
61.8
62.5
63.1
63.5
63.8
63.9
63.8
63.3
62.6
radius = .50 inches
C9 C39 C69 C99 C129
59.8
59.0
58.3
57.7
57.2
56.8
56.4
56.0
58.6
60.6
62.0
63.0
63.5
64.5
65.4
66.1
66.7
66.3
65.8
65.7
65.3
64.1
62.7
61.5
60.6
59.8
59.2
58.6
58.0
57.5
57.1
56.7
58.5
60.6
62.2
63.2
63.7
64.7
65.5
66.2
66.8
66.4
65.9
65.8
65.4
64.2
62.8
61.6
59.8
59.1
58.4
57.8
57.3
56.8
56.4
56.1
58.4
60.2
61.6
62.5
63.1
64.1
65.0
65.7
66.4
66.0
65.5
65.4
65.1
64.2
62.8
61.7
60.8
60.1
59.4
58.7
58.2
57.7
57.2
56.8
58.4
60.3
61.8
62.8
63.3
64.3
65.2
65.9
66.5
66.1
65.6
65.5
65.2
64.3
62.9
61.8
60.0
59.4
58.8
58.2
57.7
57.2
56.7
56.4
58.2
59.7
60.9
61.8
62.4
63.5
64.4
65.2
65.9
65.5
65. 1
65. 1
64.8
64.3
63.3
62.4
61.5
60.7
59.9
59.3
58.7
58.1
57.6
57.-1
58.4
59.9
61.2
62.1
62.6
63.7
64.6
65.4
66.1
65.7
65.3
65.2
64.9
64.4
63.4
62.5
60.2
59.8
59.2
58.6
58.1
57.6
57. 1
56.7
58.3
59.4
60.5
61.4
62.0
63.1
64.0
64.9
65.6
65.3
64.9
64.9
64.6
64.4
63.7
62.9
62. 1
61.3
60.5
59.8
59.1
58.5
58.0
57.5
58.6
59.7
60.8
61.7
62.2
63.3
64.2
65.1
65.8
65.5
65.1
65.0
64.7
64.5
63.9
63.0
TW
60.2
59.9
59.4
58.8
58.3
57.7
57.2
56.8
58.3
59.3
60.4
61.2
61.8
62.9
63.9
64.7
65.5
65.2
64.9
64.8
64.6
64.4
63.9
63.1
62.3
61.5
60.7
60.0
59.3
58.7
58.1
57.7
58.7
59.7
60.7
61.5
62.1
63.2
64.1
65.0
65.7
65.4
65.0
65.0
64.7
64.5
64.0
63.3
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
H
H
H
AA-1 DAY 3
half the pipe spacing = 6.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature =43.0 0 (F)
slab thickness = 8.0 inches pipe
power density = 2.5 watts/sq.ft.
daytime water temperature = 55.0 (F)
radius = .50 inches
F1 F31 F61 F91 F121
60.3
59.5
58.9
58.3
57.7
57.3
56.8
56.4
57.7
59. 1
60.3
61.2
61.8
62.5
63.2
63.8
64.3
64.5
64.6
64.8
64.8
63.8
62.4
61.3
60.5
59.8
59.1
58.5
57.9
57.4
56.9
56.5
57.5
58.8
59.9
60.7
61.4
62.1
62.8
63.4
64.0
64.2
64.3
64.5
64.6
63.8
62.6
61.5
61.2
60.4
59.7
59.1
58.4
57.9
57.4
56.9
57.4
58.3
59.2
60.0
60.7
61.5
62.2
62.9
63.5
63.8
64.0
64.2
64.3
64.0
63.1
62.2
61.9
61.1
60.4
59.6
59.0
58.4
57.8
57.3
57.5
58.0
58.8
59.5
60.2
61.0
61.8
62.5
63.2
63.5
63.8
64.0
64.1
64.1
63.6
62.8
62.1
61.4
60.6
59.9
59.2
58.6
58.0
57.5
57.6
58.0
58.6
59.4
60.1
60.9
61.7
62.4
63.1
63.5
63.7
64.0
64.1
64.1
63.7
63.1
MS M35 M65 M95 M125 C9 C39 C69 C99 C129
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
54.3
53.8
53.4
53. 1
52.7
52.4
52.1
51.9
56.8
57.9
58.6
59.2
59.7
60.1
60.4
60.8
61.2
61.5
61.6
61.7
61.8
56.7
55.6
54.9
59.5
58.8
58.1
57.5
57.0
56.5
56.0
55.6
56.7
57.8
58.7
59.5
60.2
60.9
61.5
62. I
62.7
63.1
63.4
63.6
63.7
62.4
61.2
60.3
61.3
60.5
59.8
59.1
58.5
57.9
57.4
56.8
56.9
57.5
58.3
59.2
60.0
60.7
61.4
62. 1
62.7
63.3
63.7
63.9
64.0
63.7
63.0
62.2
61.8
61.0
60.3
59.6
58.9
58.3
57.7
57.2
57.0
57.4
58.2
59.0
59.8
60.6
61.3
62.0
62.7
63.3
63.7
63.9
64.1
64.0
63.5
62.7
60.7
59.9
59.2
58.6
58.1
57.6
57.1
56.7
59.2
61.2
62.6
63.5
64.0
64.9
65.7
66.4
67.0
66.6
66.1
65.9
65.6
64.4
62.9
61.7
60.9
60.1
59.4
58.8
58.2
57.7
57.2
56.8
59.0
60.8
62.2
63. 1
63.6
64.5
65.4
66. 1
66.7
66.3
65.8
65.7
65.3
64.4
63.1
61.9
61.6
60.8
60.0
59.3
58.7
58.2
57.6
57.2
59.0
60.4
61.6
62.4
63.0
63.9
64.8
65.6
66.3
65.9
65.5
65.4
65.0
64.5
63.6
62.6
62.2
61.4
60.6
59.9
59.2
58.6
58.0
57.5
59.1
60. 1
61.2
62.0
62.5
63.5
64.5
65.3
66.0
65.7
65.3
65.2
64.9
64.6
64.0
63.2
62.4
61.6
60.8
60.1
59.4
58.8
58.2
57.7
59.1
60.1
61.1
61.9
62.4
63.4
64.4
65.2
65.9
65.6
65.2
65.2
64.9
64.7
64.2
63.4
TIME TAIR
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
62.1
61.3
60.5
59.9
59.2
58.6
58.1
57.7
62.5
63.9
65.1
65.7
65.7
67.2
68.4
69.2
69.9
67.8
66.4
66.3
65.4
65.0
64. 1
63.1
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
H
H
AA-2
half the pipe spacing = 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness = 8.0 inches
power density = 2.5 watts/sq.ft.
pipe radius = .50 inches
. daytime water temperature = 55.0 (F)
F1 F31 F61 F91 F121
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11. 0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31. 0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
60.7
60.7
60.8
60.9
60.9
61.0
61.0
61.2
66.3
67.9
69.1
69.7
69.9
71.7
73.0
73.9
74.8
72.9
71.8
71.9
71.2
71.2
70.9
70.6
DAY 2
70.3
69.9
69.7
69.4
69.2
68.9
68.7
68.6
72.9
74.5
75.6
76.1
75.9
77.6
78.7
79.4
80.2
78.1
76.8
76.7
75.9
75.8
75.3
74.8
60.4
60.7
60.8
60.9
61.0
61.1
61.1
61.2
62.7
64.4
65.9
67.0
67.9
68.8
69.7
70.5
71.2
71.6
71.9
72.3
72.5
71.8
70.7
69.9
69.2
68.8
68.4
68.1
67.8
67.6
67.3
67.2
68. 1
69.6
70.9
72.0
72.7
73.5
74.2
74.9
75.5
75.7
75.9
76.1
76.2
75.4
74.2
73.3
60.2
60.3
60.4
60.5
60.6
60.6
60.7
60.7
61.8
63.2
64.4
65.5
66.4
67.4
68.3
69.1
69.9
70.4
70.7
71.1
71.4
71.2
70.5
69.8
69.3
68.8
68.5
68.2
67.9
67.7
67.5
67.3
67.8
69.0
70.1
71.0
71.7
72.6
73.3
74.0
74.6
74.9
75. 1
75.3
75.5
75.1
74.3
73.5
60.1
60.1
60.2
60.2
60.3
60.3
60.4
60.4
61.1
62.0
62.9
63.8
64.6
65.6
66.5
67.4
68.2
68.8
69.2
69.7
70.0
70.2
70.1
69.9
69.6
69.3
69.1
68.8
68.6
68.3
68.1
67.9
68.2
68.8
69.5
70.2
70.8
71.5
72.3
72.9
73.6
74.0
74.2
74.5
74.7
74.8
74.6
74.2
M5 M35 M65 M95 M125
60.1
60.1
60.1
60.2
60.2
60.3
60.3
60.4
61.0
61.5
62.2
62.9
63.6
64.5
65.4
66.3
67.2
67.8
68.2
68.8
69.2
69.5
69.8
69.8
69.8
69.7
69.5
69.3
69.1
68.9
68.7
68.5
68.8
69.1
69.5
69.9
70.4
71.0
71.7
72.4
73.1
73.5
73.8
74.1
74.3
74.5
74.6
74.5
60.1
60.1
60.1
60.2
60.2
60.3
60.3
60.4
61.0
61.4
62.0
62.6
63.3
64.2
65.1
66.0
66.8
67.4
67.9
68.5
68.9
69.3
69.6
69.8
69.8
69.8
69.7
69.5
69.3
69.1
68.9
68.7
69.0
69.2
69.5
69.9
70.3
70.9
71.6
72.2
72.9
73.3
73.6
74.0
74.2
74.4
74.6
74.6
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
59.1
59.1
59. 1
59.2
59.2
59.3
59.3
59.4
61.4
63.0
64.2
65.2
66.1
66.9
67.6
68.3
69.0
69.6
70.1
70.4
70.6
68.9
67.9
67.2
66.8
66.4
66.1
65.8
65.6
65.4
65.2
65.0
66.4
68.0
69. 1
70.0
70.7
71.3
71.9
72.5
73.1
73.5
73.8
74.0
74.2
72.4
71.2
70.4
59.9
59.9
60.0
60.0
60.1
60.1
60.2
60.2
60.6
61.5
62.5
63.5
64.5
65.3
66.2
67.0
67.9
68.6
69.2
69.7
70.0
70.1
69.8
69.5
69.2
68.9
.68.7
68.4
68.2
68.0
67.7
67.5
67.6
68.2
68.9
69.7
70.5
71.1
71.8
72.5
73.2
73.7
74.1
74.4
74.6
74.5
74.1
73.7
C9 C39 C69 C99 C129
60.0
60.0
60.1
60.1
60.2
60.2
60.2
60.3
60.5
61.0
61.7
62.5
63.4
64.2
65.1
66.0
66.9
67.7
68.3
68.8
69.3
69.6
69.8
69.8
69.7
69.6
69.5
69.3
69.1
68.9
68.6
68.4
68.3
68.5
69.0
69.5
70.1
70.7
71.4
72.1
72.8
73.4
73.8
74.2
74.4
74.6
74.6
74.5
60.0
60. 1
60.1
60.1
60.2
60.2
60.3
60.3
60.5
60.9
61.5
62.3
63.1
63.9
64.7
65.6
66.5
67.3
68.0
68.5
69.0
69.3
69.6
69.8
69.8
69.8
69.7
69.5
69.3
69.1
68.9
68.7
68.6
68.7
69.0
69.5
70.0
70.6
71.2
71.9
72.6
73.2
73.7
74.0
74.3
74.5
74.6
74.6
60.6
60.9
61.0
61.1
61.2
61.2
61.3
61.4
64.2
66.3
68.0
69.2
69.9
71.1
72.1
73.0
73.7
73.5
73.2
73.2
73.0
72.2
71.0
70.2
69.6
69.1
68.7
68.4
68.1
67.9
67.7
67.5
69.5
71.6
73.2
74.3
74.8
75.9
76.7
77.5
78.1
77.7
77.3
77.2
76.9
75.9
74.6
73.7
60.4
60.5
60.6
60.7
60.8
60.8
60.9
61.0
63.3
65.2
66.7
67.8
68.5
69.7
70.8
71.7
72.5
72.3
72.0
72.1
72.0
71.6
70.8
70.1
69.6
69.2
68.8
68.5
68.2
68.0
67.8
67.6
69.2
71.0
72.4
73.4
73.9
75.0
75.8
76.6
77.3
76.9
76.5
76.4
76.2
75.6
74.7
73.9
60.3
60.3
60.4
60.5
60.5
60.6
60.6
60.7
62.7
64.0
65.3
66.2
66.9
68.1
69.2
70.1
71.0
70.9
70.7
70.9
70.8
70.8
70.6
70.3
69.9.
69.6
69.3
69.1
68.8
68.6
68.4
68.2
69.6
70.8
71.8
72.6
73.1
74.0
74.9
75.7
76.4
76.1
75.7
75.7
75.5
75.4
75.0
74.5
TIME TAIR
TW
60.3
60.3
60.4
60.4
60.5
60.5
60.6
60.6
62.5
63.7
64.7
65.4
66.0
67.2
68.2
69.2
70.1
70.0
69.9
70. 1
70.0
70.2
70.3
70.2
70.1
69.9
69.8
69.6
69.3
69.1
68.9
68.7
70.1
71.0
71.8
72.4
72.7
73.6
74.5
75.2
76.0
75.6
75.3
75.4
75.2
75.1
75.1
74.9
60.3
60.3
60.4
60.4
60.5
60.5
60.5
60.6
62.5
63.6
64.5
65.2
65.7
66.8
67.9
68.9
69.8
69.7
69.6
69.8
69.8
70.0
70.1
70.2
70.1
70.0
69.9
69.7
69.5
69.3
69.1
68.9
70.2
71.1
71.8
72.3
72.6
73.5
74.3
75. 1
75.8
75.5
75.2
75.2
75.0
75.1
75.0
74.9
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
I
half the pipe spacing = 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature =43.0*(F)
slab thickness = 8.0 inches pipe radius = .50 inches
power density = 2.5 watts/sq.ft.
daytime water temperature = 55.0 (F)
F1 F31 F61 F91 F121 M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
72.5
71.9
71.4
71.0
70.7
70.3
70.0
69.8
71.0
72.5
73.6
74.5
75.2
75.9
76.5
77.1
77.6
77.8
77.9
78.0
78.1
77.2
75.9
72.9
72.3
71.9
71.4
71.1
70.7
70.4
70.1
70.9
72.0
73.0
73.8
74.4
75.1
75.7
76.3
76.9
77. 1
77.2
77.4
77.5
77.1
76.2
73.7
73.3
72.9
72.6
72.2
71.9
71.5
71.2
71.6
72. 1
72.7
73.3
73.8
74.4
75. 1
75.7
76.2
76.5
76.7
76.9
77.0
77.0
76.7
74.3
74. 1
73.8
73.4
73. 1
72.8
72.4
72.1
72.4
72.6
72.9
73.3
73.6
74.2
74.8
75.4
75.9
76.2
76.4
76.7
76.8
77.0
76.9
74.5
74.3
74.0
73.8
73.4
73. 1
72.8
72.5
72.7
72.8
73.0
73.3
73.6
74. 1
74.7
75.3
75.9
76.1
76.4
76.6
76.8
76.9
77.0
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
43.0 69.9 73.3 74.3
43.0 69.4 72.8 74.0
43.0 69.0 72.5 73.7
43.0 68.7 72.1 73.4
43.0 68.3 71.7 73.0
43.0 68.0 71.4 72.7
43.0 67.8 71.1 72.4
43.0 67.5 70.8 72.0
55.0 69.3 70.8 71.9
55.0 70.6 71.4 72.0
55.0 71.6 72.1 72.4
55.0 72.4 72.8 72.9
55.0 73.0 73.4 73.4
55.0 73.5 74.0 73.9
55.0 74.1 74.6 74.4
55.0 74.6 75.1 75.0
55.0 75.0 75.7 75.6
55.0 75.4 76.2 76.1
55.0 75.7 76.5 76.5
55.0 75.8 76.8 76.8
55.0 75.9 76.9 76.9
43.0 74.1 76.7 77.0
43.0 72.8 76.2 76.9
43.0 72.0 75.7 76.7
TIME TAIR
74.4
73.9
73.5
73.1
72.8
72.4
72. 1
71.9
76.7
77.9
78.9
79. 1
78.9
80.4
81.4
82.1
82.8
80.6
79.2
79. 1
78.2
78.0
77.5
76.9 74.9 75.3 76.2 76.8 76.9
TW
74.5
74.3
74.0
73.7
73.4
73.1
72.8
72.4
72.2
72.3
72.6
72.9
73. 4
73.8
74.4
74.9
75.5
76.1
76.5
76.7
76.9
77.0
77.0
77.0
72.9
72.3
71.9
71.4
71. 1
70.8
70.4
70.2
72.7
74.6
76.0
76.9
77.4
78.2
79.0
79.7
80.3
79.8
79.3
79. 1
78.8
77.7
76.4
75.4
73.3
72.7
72.2
71.8
71.4
71.1
70.8
70.5
72.5
74.1
75.4
76.2
76.6
77.5
78.3
79.0
79.6
79. 1
78.7
78.5
78.2
77.6
76.6
75.8
74.1
73.6
73.2
72.8
72.5
72. 1
71.8
71.5
73. 1
74.1
75. 1
75 .7
76. 1
76.9
77.7
78.4
79.0
78.6
78.2
78.1
77.8
77.6
77. 1
76.6
74.6
74.3
74.0
73.6
73.3
72.9
72.6
72.3
73.8
74.6
75.2
75.7
75.9
76.7
77.5
78.1
78.8
78.4
78.0
77.9
77.6
77.5
77.4
77.1
74.8
74.5
74.2
73.9
73.6
73.2
72.9
72.6
74.1
74.8
75.4
75.7
75.9
76.6
77.4
78.1
78.7
78.3
77.9
77.9
77.6
77.5
77.4
77.3
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
H3
AA --2 DAY 3
AA-3
half the pipe spacing =12 -0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR F1 F31 F61 F91 F121
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
60.7
60.8
61.0
61.2
61.3
61.4
61.6
61.8
67.0
68.6
69.8
70.4
70.5
72.3
73.6
74.6
75.4
73.5
72.4
72.6
71.9
72.0
71.8
71.5
DAY 2
71.3
71.2
71.0
70.9
70.7
70.6
70.5
70.5
74.9
76.6
77.7
78.1
78.0
79.7
80.8
81.6
82.3
80.2
79.0
79.0
78.2
78.1
77.8
77.4
60.8
61.4
,61.8
62.1
62.4
62.5
62.7
62.8
64.6
66.6
68.2
69.5
70.5
71.5
72.4
73.3
74.0
74.4
74.7
75.1
75.3
74.5
73.2
72.3
71.6
71.0
70.6
70.3
70.0
69.8
69.7
69.5
70.6
72.4
73.9
75.0
75.9
76.8
77.6
78.3
78.9
79.2
79.5
79.7
79.8
78.9
77.5
76.5
60.2
60.5
60.8
61.0
61.2
61.4
61.5
61.7
62.7
64.0
65.4
66.5
67.5
68.6
69.5
70.4
71.3
71.8
72.2
72.6
72.9
72.8
72.3
71.7
71.1
70.7
70.4
70.1
69.9
69.7
69.5
69.4
69.9
70.9
72.1
73.1
73.9
74.8
75.6
76.4
77.1
77.4
77.7
78.0
78.2
78.0
77.3
76.6
60.1
60.2
60.3
60.4
60.5
60.7
60.8
60.9
61.6
62.3
63.2
64.0
64.8
65.8
66.7
67.6
68.5
69.0
69.5
70.0
70.4
70.7
70.9
70.9
70.8
70.6
70.5
70.4
70.2
70.1
70.0
69.9
70.3
70.7
71.3
72.0
72.6
73.3
74.1
74.8
75.5
75.9
76.2
76.6
76.8
77.0
77.0
76.9
60.1
60.1
60.2
60.2
60.3
60.4
60.5
60.6
61.3
61.8
62.4
63.0
63.6
64.4
65.3
66.1
66.9
67.5
68.0
68.5
68.9
69.3
69.7
70.0
70.1
70.3
70.3
70.4
70.4
70.4
70.3
70.3
70.7
71.0
71.4
71.8
72.2
72.9
73.5
74.1
74.8
75.2
75.5
75.9
76.1
76.4
76.5
76.7
60.1
60.1
60.2
60.2
60.3
60.4
60.4
60.6
61.2
61.7
62.2
62.8
63.3
64. 1
64.8
65.6
66.5
67.0
67.5
68.0
68.4
68.9
69.3
69.6
69.9
70.1
70.2
70.3
70.4
70.4
70.4
70.4
70.8
71.2
71.5
71.9
72.2
72.8
73.3
74.0
74.6
74.9
75.3
75.6
75.9
76.1
76.4
76.5
slab thickness = 8.0 inches pipe radius = .50 inches
power density = 2.5 watts/sq.ft.
daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
59.7
59.9
60.1
60.3
60.5
60.7
60.8
60.9
62.3
63.8
65.2
66.3
67.3
68.2
69.1
69.9
70.7
71.4
71.9
72.2
72.6
71.7
70.8
70.2
69.7
69.3
69.0
68.7
68.5
68.3
68.2
68.1
68.8
70.1
71.3
72.4
73.2
74.0
74.7
75.4
76.1
76.6
77.0
77.3
77.4
76.5
75.5
74.7
60.0
60.1
60.2
60.3
60.4
60.6
60.7
60.8
61.1
61.8
62.7
63.7
64.6
65.5
66.4
67.3
68.2
69.0
69.6
70.1
70.5
70.8
70.8
70.7
70.6
70.5
70.3
70.2
70.1
70.0
69.9
69.8
69.8
70.2
70.8
71.6
72.3
73.0
73.7
74.4
75.2
75.8
76.3
76.6
76.9
77.0
76.9
76.7
60.0
60.1
60.1
60.2
60.3
60.4
60.5
60.6
60.8
61.3
61.9
62.6
63.4
64.1
64.9
65.7
66.6
67.4
68.0
68.6
69.0
69.4
69.7
70.0
70.1
70.3
70.3
70.4
70.4
70.3
70.3
70.3
70.3
70.5
70.9
71.5
72.0
72.5
73.1
73.8
74.5
75. 1
75.6
75.9
76.2
76.4
76.6
76.7
60.0
60.1
60.1
60.2
60.2
60.3
60.4
60.5
60.7
61.2
61.7
62.4
63.0
63.7
64.5
65.3
66.1
66.9
67.5
68.1
68.5
68.9
69.3
69.6
69.9
70. 1
70.2
70.3
70.4
70.4
70.4
70.4
70.4
70.7
71.0
71.5
72.0
72.5
73.0
73.6
74.3
74.9
75.3
75.7
76.0
76.2
76.4
76.6
61.0
61.6
61.9
62.2
62.4
62.6
62.8
62.9
66.0
68.4
70.2
71.5
72.3
73.5
74.6
75.5
76.3
76.0
75.7
75.8
75.6
74.6
73.3
72.4
71.7
71.2
70.8
70.5
70.3
70.1
69.9
69.8
72.0
74.3
76.1
77.3
77.9
79.0
80.0
80.7
81.4
81.1
80.7
80.6
80.3
79.2
77.8
76.8
60.4
60.7
60.9
61.2
61.4
61.5
61.7
61.9
64.2
66.0
67.6
68.8
69.6
70.8
71.9
72.9
73.8
73.6
73.4
73.5
73.4
73.1
72.5
71.9
71.4
70.9
70.6
70.3
70.1
69.9
69.8
69.7
71.3
72.9
74.4
75.4
76.1
77.2
78.1
79.0
79.7
79.4
79.0
79.0
78.8
78.4
77.7
76.9
60.3
60.4
60.5
60.6
60.8
60.9
61.0
61.2
63.2
64.5
65.6
66.5
67.2
68.3
69.4
70.4
71.3
71.2
71.0
71.2
71.2
71.3
71.3
71.2
71.1
70.9
70.8
70.6
70.5
70.4
70.2
70.2
71.6
72.7
73.7
74.4
74.9
75.9
76.8
77.6
78.3
78. 1
77.8
77.8
77.6
77.6
77.5
77.2
60.3
60.3
60.4
60.5
60.6
60.7
60.8
61.0
62.9
64.0
64.9
65.6
66.1
67.2
68.2
69.1
70.0
69.9
69.7
69.9
69.9
70.1
70.3
70.5
70.6
70.6
70.6
70.6
70.6
70.6
70.5
70.5
72.0
73.0
73.8
74.3
74.6
75.4
76.3
77.0
77.7
77.4
77.1
77.2
77.0
77.0
77.1
77.1
60.3
60.3
60.4
60.5
60.6
60.7
60.7
60.9
62.8
63.9
64.8
65.4
65.8
66.8
67.8
68.7
69.6
69.4
69.3
69.5
69.5
69.7
69.9
70.2
70.3
70.5
70.5
70.6
70.6
70.6
70.6
70.6
72.1
73.1
73.8
74.3
74.5
75.4
76.1
76.8
77.5
77.2
76.9
77.0
76.8
76.8
76.9
77.0
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
Un
AA-3 DAY 3
half the pipe spacing =12.0 inches
location of pipe = 5 (2.- 8) 0
nighttime water temperature -43.0 (F)
slab thickness = 8.0 inches pipe radius = .50 inches
power density = 2.5 watts/sq.ft.
daytime water temperature = 55.0 (F)
TIME TAIR F1 F31 F61 F91 F121
49.0 77.1 75.7 76.0 76.6 76.7
50.0 76.8 75.0 75.4 76.4 76.7
51.0 76.5 74.5 75.0 76.1 76.6
52.0 76.2 74.1 74.6 75.8 76.5
53.0 76.0 73.8 74.3 75.6 76.4
54.0 75.7 73.5 74.0 75.3 76.2
55.0 75.5 73.2 73.7 75.1 76.0
56.0 75.4 73.0 73.5 74.9 75.9
57.0 80.3 74.5 74.2 75.3 76.2
58.0 81.5 76.1 75.2 75.7 76.5
59.0 82.5 77.5 76.2 76.2 76.8
60.0 82.8 78.5 77.1 76.7 77.1
61.0 82.6 79.3 77.8 77.2 77.4
62.0 84.0 80.0 78.6 77.9 77.9
63.0 85.1 80.7 79.3 78.5 78.4
64.0 85.8 81.4 79.9 79.1 78.9
65.0 86.4 81.9 80.6 79.7 79.5
66.0 84.3 82.2 80.8 80.0 79.8
67.0 82.9 82.3 81.0 80.3 80.0
68.0 82.8 82.5 81.2 80.5 80.2
69.0 82.0 82.5 81.3 80.7 80.4
70.0 81.8 81.5 81.1 80.8 80.6
71.0 81.3 80.1 80.3 80.7 80.7
72.0 80.9 79.0 79.5 80.4 80.7
76.6
76.7
76.7
76.7
76.6
76.5
76.3
76.2
76.6
76.8
77.0
77.3
77.5
77.9
78.4
78.9
79.4
79.7
79.9
80.2
80.3
80.5
80.6
80.7
M5 M35 M65 M95 M125
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
74.1
73.7
73.2
72.9
72.6
72.3
72.1
71.9
72.9
74. 1
75.2
76.1
76.8
77.5
78.1
78.7
79.3
79.8
80.1
80.3
80.4
79.3
78.3
76.5
76.2
75.9
75.7
75.4
75.2
74.9
74.7
74.7
75.1
75.7
76.3
76.9
77.5
78.1
78.7
79.4
79.9
80.3
80.5
80.7
80.7
80.6
76.7
76.7
76.6
76.5
76.3
76.2
76.0
75.8
75.8
76.0
76.3
76.7
77.1
77.6
78.1
78.6
79.2
79.7
80.1
80.3
80.5
80.6
80.7
76.7
76.7
76.7
76.7
76.6
76.5
76.3
76.2
76.1
76.3
76.6
76.9
77.3
77.6
78.1
78.6
79.1
79.6
80.0
80.3
80.4
80.6
80.7
43.0 77.5 80.3 80.7 80.7
C9 C39 C69 C99 C129
76.0
75.4
74.9
74.5
74.2
73.9
73.7
73.5
76.2
78.3
79.9
80.9
81.4
82.4
83.2
83.9
84.5
84.1
83.6
83.5
83.1
81.9
80.5
76.3
75.8
75.3
74.9
74.6
74.3
74. 1
73.9
75.8
77.3
78.6
79.5
80.1
81.0
81.9
82.6
83.3
82.9
82.4
82.3
82.0
81.6
80.8
76.9
76.6
76.3
76.1
75.8
75.6
75.3
75. 1
76.8
77.7
78.6
79.2
79.5
80.4
81.2
81.9
82.6
82.2
81.8
81.7
81.5
81.3
81.1
77.0
76.9
76.8
76.7
76.5
76.3
76.2
76.0
77.7
78.5
79.1
79.5
79.6
80.3
81.1
81.7
82.3
81.9
81.5
81.5
81.2
81.2
81.1
77.0
77.0
76.9
76.8
76.7
76.6
76.4
76.3
77.9
78.7
79.3
79.6
79.8
80.4
81.1
81.7
82.3
81.9
81.5
81.4
81.2
81.1
81.1
79.4 79.9 80.8 81.0 81.0
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
0'
AA-4
half the pipe spacing = 6.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR F1 F31 F61 F91 F121
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
60.6
60.0
59.4
58.8
58.3
57.8
57.3
57.1
62.9
64.6
66.0
66.6
66.5
68.5
69.8
70.7
71.5
68.9
67.2
67.1
65.9
65.5
64.6
63.6
OAY 2
62.7
61.8
61.0
60.3
59.7
59.1
58.5
58.1
63.1
65.1
66.5
67.1
66.9
68.9
70.1
71.0
71.8
69.2
67.5
67.3
66.2
65.7
64.8
63.8
59.6
58.8
58.0
57.4
56.9
56.5
56.1
55.7
57.2
58.8
60.1
61.0
61.7
62.5
63.3
64.0
64.6
64.8
64.9
65. 1
65.1
64. 1
62.7
61.5
60.6
59.9
59.2
58.6
58.0
57.5
57.1
56.7
57.5
59.1
60.4
61.4
62.1
62.9
63.6
64.3
64.9
65.1
65.2
65.3
65.3
64.3
62.8
61.7
59.6
58.9
58.2
57.6
57.1
56.6
56.2
55.8
57.0
58.4
59.6
60.5
61.3
62.1
62.9
63.6
64.3
64.5
64.7
64.9
64.9
64.1
62.9
61.8
60.9
60.1
59.4
58.8
58.2
57.7
57.2
56.8
57.4
58.8
60.0
61.0
61.7
62.5
63.2
63.9
64.5
64.8
64.9
65. 1
65.1
64.3
63.1
62.0
59.8
59.2
58.6
58.0
57.5
57.0
56.5
56. 1
56.8
57.8
58.9
59.8
60.6
61.5
62.3
63.1
63.8
64. 1
64.3
64.5
64.6
64.3
63.4
62.5
61.6
60.8
60.1
59.4
58.8
58.2
57.7
57.2
57.5
58.4
59.4
60.3
61.0
61.9
62.7
63.4
64.1
64.4
64.6
64.8
64.8
64.5
63.6
62.7
60.0
59.6
59.0
58.5
57.9
57.4
56.9
56.5
56.9
57.5
58.4
59.3
60.1
61.0
61.9
62.7
63.5
63.9
64.1
64.4
64.5
64.4
63.9
63.2
62.3
61.5
60.8
60.0
59.4
58.7
58. 1
57.6
57.7
58.2
59.0
59.8
60.6
61.5
62.3
63.1
63.8
64.2
64.4
64.6
64.7
64.7
64. 1
63.4
60.0
59.7
59.2
58.6
58.1
57.6
57.1
56.6
56.9
57.5
58.3
59.1
59.9
60.9
61.8
62.6
63.4
63.8
64.1
64.3
64.5
64.5
64.1
63.4
62.6
61.8
61.0
60.3
59.6
58.9
58.3
57.8
57.9
58.2
58.9
59.7
60.4
61.3
62.2
63.0
63.8
64.1
64.3
64.6
64.7
64.7
64.3
63.6
slab thickness = 8.0 inches pipe radius = .50 inches
power density = 3.0 watts/sq.ft.
daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
54.1
53.3
52.8
52.5
52.2
51.9
51.7
51.4
56.4
57.6
58.4
59.1
59.6
60.0
60.5
60.9
61.3
61.7
61.8
61.9
62.0
56.9
55.7
55. 1
54.5
54.1
53.6
53.3
52.9
52.6
52.3
52.0
56.4
57.9
58.7
59.3
59.8
60.3
60.7
61.1
61.5
61.8
62.0
62. 1
62.1
57.0
55.9
55.2
58.6
57.7
57. 1
56.6
56.1
55.7
55.3
54.9
56.1
57.3
58.4
59.3
60.1
60.8
61.5
62.2
62.9
63.4
63.7
63.9
64.0
62.7
61.5
60.6
59.8
59.1
58.5
57.9
57.3
56.8
56.3
55.8
56.5
57.8
58.8
59.7
60.5
61.2
61.9
62.5
63.2
63.7
64.0
64.2
64.2
62.9
61.7
60.8
59.7
59. 1
58.5
58.0
57.4
56.9
56.5
56.0
56.2
56.9
57.9
58.9
59.8
60.6
61.4
62.2
63.0
63.6
64.0
64.3
64.4
64. 1
63.4
62.6
61.7
61.0
60.2
59.5
58.8
58.2
57.7
57.2
57.0
57.6
58.4
59.4
60.2
61.0
61.8
62.6
63.3
63.9
64.3
64.5
64.6
64.3
63.6
62.7
59.9
59.4
58.9
58.3
57.8
57.3
56.8
56.4
56.3
56.8
57.7
58.7
59.6
60.5
61.3
62.2
63.0
63.6
64.1
64.3
64.5
64.4
63.8
63.1
62.3
61.5
60.7
60.0
59.3
58.7
58. 1
57.5
57.2
57.5
58.3
59.2
60.1
60.9
61.7
62.5
63.3
63.9
64.4
64.6
64.7
64.6
64.1
63.3
59.8
59.0
58.4
57.8
57.3
56.8
56.4
56. 1
59.1
61.2
62.8
63.8
64.4
65.5
66.4
67.2
67.9
67.3
66.7
66.5
66.0
64.8
63.3
62.1
61.1
60.3
59.6
59.0
58.4
57.9
57.4
57.1
59.2
61.5
63.1
64.2
64.7
65.8
66.7
67.5
68.1
67.5
66.9
66.7
66.2
65.0
63.4
62.2
59.9
59.1
58.5
57.9
57.4
56.9
56.5
56.2
58.8
60.8
62.4
63.4
63.9
65.1
66.1
66.9
67.6
67.0
66.4
66.2
65.8
64.8
63.5
62.3
61.4
60.6
59.8
59.2
58.6
58.1
57.6
57.1
59.1
61.2
62.7
63.8
64.3
65.4
66.4
67.2
67.9
67.3
66.7
66.5
66.0
65.0
63.6
62.5
60.1
59.5
58.9
58.3
57.8
57.3
56.8
56.5
58.7
60.3
61.7
62.7
63.3
64.5
65.5
66.4
67.1
66.6
66.1
66.0
65.5
65.0
64.0
63.0
62.0
61.2
60.5
59.8
59. 1
58.5
58.0
57.5
59.1
60.8
62.2
63.2
63.7
64.9
65.9
66.7
67.5
66.9
66.4
66.2
65.8
65.2
64.2
63.1
60.2
59.8
59.3
58.7
58.2
57.7
57.2
56.8
58.7
60.0
61.3
62.2
62.8
64.1
65.2
66.1
66.9
66.4
65.9
65.8
65.4
65.1
64.4
63.6
62.7
61.8
61.1
60.3
59.6
59.0
58.4
57.9
59.3
60.6
61.8
62.7
63.3
64.5
65.5
66.4
67.2
66.7
66.2
66.1
65.7
65.3
64.6
63.8
60.2
59.9
59.4
58.9
58. 3
57.8
57.3
56.9
58.8
60.0
61.2
62. 1
62.7
63.9
65.0
66.0
66.8
66.4
65.9
65.8
65.4
65.2
64.6
63.8
62.9
62. 1
61.3
60.5
59.8
59.2
58.6
58.1
59.4
60.6
61.7
62.6
63.2
64.4
65.4
66.3
67.1
66.7
66.2
66.1
65.6
65.4
64.8
64.0
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
H
H
AA-4 DAY 3
half the pipe spacing = 6.0 inches
location of pipe = 5 (2 - 8) 0
nighttime water temperature =43.0 (F),
TIME TAIR
62.8
62.0
61.2
60.5
59.8
59.2
58.6
58.2
64.0
65.6
66.9
67.4
67.3
69.1
70.4
71.3
72.0
69.4
67.7
67.5
66.4
65.9
64.9
63.9
F1 F31 F61 F91 F121
60.8
60.0
59.3
58.7
58.2
57.6
57.2
56.7
58.1
59.6
60.8
61.7
62.4
63.1
63.9
64.5
65. 1
65.2
65.3
65.5
65.5
64.4
63.0
61.8
61.0
60.3
59.6
58.9
58.3
57.8
57.3
56.9
57.9
59.3
60.4
61.3
62.0
62.8
63.5
64.2
64.8
65.0
65. 1
65.2
65.3
64.5
63.2
62.1
61.8
61.0
60.2
59.6
58.9
58.3
57.8
57.3
57.9
58.8
59.8
60.6
61.4
62.2
63.0
63.7
64.4
64.6
64.8
65.0
65.0
64.7
63.8
62.8
62.5
61.7
60.9
60.2
59.5
58.9
58.3
57.7
58.0
58.6
59.4
60.2
60.9
61.8
62.6
63.4
64.1
64.4
64.6
64.9
64.9
64.8
64.3
63.5
62.8
62.0
61.2
60.4
59.7
59.1
58.5
57.9
58.1
58.6
59.3
60.1
60.8
61.7
62.5
63.3
64.0
64.4
64.6
64.8
64.9
64.9
64.5
63.8
slab thickness = 8.0 inches pipe
power density = 3.0 watts/sq.ft.
daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
54.6
54.1
53.7
53.3
53.0
52.7
52.4
52. 1
57.0
58.2
58.9
59.5
60.0
60.4
60.9
61.3
61.6
61.9
62.1
62.2
62.2
57.1
55.9
55.2
60.0
59.3
58.6
58.0
57.4
56.9
56.4
55.9
57.1
58.2
59.2
60.0
60.8
61.5
62.1
62.8
63.4
63.9
64.2
64.3
64.4
63.0
61.8
60.9
61.9
61.1
60.4
59.6
59.0
58.4
57.8
57.3
57.3
58.0
58.8
59.7
60.6
61.3
62. 1
62.9
63.6
64.2
64.5
64.7
64.8
64.5
63.7
62.9
62.5
61.6
60.9
60.1
59.4
58.8
58.2
57.6
57.4
57.9
58.7
59.6
60.5
61.3
62.1
62.8
63.6
64.2
64.6
64.8
64.9
64.8
64.2
63.4
radius = .50 inches
C9 C39 C69 C99 C129
61.3
60.5
59.8
59.1
58.5
58.0
57.5
57.1
60.0
62.1
63.6
64.6
65.0
66.0
67.0
67.7
68.4
67.7
67.1
66.9
66.4
65.1
63.6
62.3
61.5
60.7
60.0
59.3
58.7
58.2
57.7
57.2
59.8
61.8
63.2
64.2
64.7
65.7
66.6
67.4
68. 1
67.5
66.8
66.6
66.2
65.2
63.8
62.6
62.2
61.4
60.6
59.9
59. 2
58.6
58.1
57.6
59.7
61.3
62.6
63.5
64.1
65.1
66.1
67.0
67.7
67.2
66.6
66.4
65.9
65.4
64.3
63.3
62.9
62.0
61.2
60.5
59.8
59. 1
58.5
58.0
59.9
61.1
62.3
63.1
63.7
64.8
65.8
66.7
67.5
67.0
66.4
66.3
65.9
65.5
64.8
63.9
63.1
62.3
61.5
60.7
60.0
59.3
58.7
58.2
60.0
61.1
62.2
63.0
63.6
64.6
65.7
66.6
67.4
66.9
66.4
66.3
65.8
65.6
65.0
64.2
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
I
AA-5
half the pipe spacing = 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness = 8.0 inches pipe radius = .50 inches
power density = 3.0 watts/sq.ft.
daytime water temperature = 55.0 (F)
F1 F31 F61 F91 F12i
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
60.8
60.8
60.9
61.0
61.1
61.1
61.2
61.4
67.5
69.3
70.7
71.3
71.3
73.4
74.9
75.9
76.9
74.5
73. 1
73. 1
72.3
72.2
71.9
71.5
bAY 2
71.1
70.8
70.5
70.3
70.0
69.8
69.5
69.4
74.6
76.5
77.7
78. 1
77.9
79.8
81.0
81.9
82.7
80.1
78.5
78.4
77.3
77. 1
76.6
76.1
60.5
60.7
60.9
61.0
61.0
61.1
61.1
61.2
62.9
64.7
66.2
67.4
68.3
69.3
70.3
71.1
71.9
72.3
72.6
73.0
73.2
72.5
71.4
70.5
69.9
69.4
69.0
68.6
68.4
68.1
67.9
67.7
68.7
70.3
71.7
72.8
73.6
74.4
75.2
75.9
76.5
76.8
76.9
77.2
77.2
76.4
75.2
74.2
60.2
60.3
60.4
60.5
60.6
60.7
60.7
60.8
62.0
63.4
64.8
65.9
66.9
67.9
68.9
69.8
70.6
71.1
71.5
71.9
72. I
71.9
71.2
70.5
70.0
69.5
69.1
68.8
68.6
68.3
68.1
67.9
68.5
69.7
70.9
71.9
72.6
73.5
74.3
75.0
75.7
76.0
76.2
76.4
76.6
76.2
75.3
74.5
60. 1
60.1
60.2
60.3
60.3
60.4
60.4
60.5
61.3
62.2
63.2
64.2
65.1
66. 1
67.2
68.1
69.0
69.6
70.0
70.5
70.8
71.0
71.0
70.7
70.4
70. 1
69.8
69.6
69.3
69. 1
68.8
68.6
69.0
69.6
70.4
71.1
71.8
72.6
73.4
74.1
74.9
75.2
75.5
75.8
75.9
76.0
75.7
75.3
M5 M35 M65 M95 M125
60.1
60. 1
60.2
60.2
60.3
60.3
60.4
60.4
61.2
61.8
62.5
63.3
64.1
65. 1
66. 1
67.1
68.0
68.6
69.1
69.7
70.0
70.4
70.6
70.7
70.6
70.5
70.3
70.1
69.9
69.7
69.5
69.3
69.6
69.9
70.4
70.9
71.4
72.2
72.9
73.7
74.4
74.8
75.1
75.4
75.6
75.8
75.9
75.8
60.1
60.1
60.2
60.2
60.3
60.3
60.3
60.4
61.1
61.7
62.4
63.1
63.8
64.7
65.7
66.7
67.7
68.3
68.8
69.4
69.8
70.2
70.5
70.6
70.7
70.6
70.5
70.3
70.2
69.9
69.7
69.5
69.8
70. 1
70.5
70.9
71.4
72.1
72.8
73.5
74.3
74.7
75.0
75.3
75.6
75.8
75.9
75.9
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
59.1
59.1
59. 1
59.2
59.3
59.3
59.4
59.4
61.5
63. 1
64.4
65.5
66.5
67.3
68.1
68.9
69.6
70.3
70.7
71.0
71.3
69.6
68.5
67.8
67.4
67.0
66.7
66.4
66.2
65.9
65.7
65.6
66.9
68.5
69.7
70.7
71.4
72.1
72.8
73.4
74.0
74.5
74.8
75.0
75. 1
73.3
72.1
71.3
59.9
59.9
60.0
60.0
60.1
60. 1
60.2
60.2
60.7
61.7
62.8
63.9
64.9
65.8
66.7
67.7
68.6
69.4
70.0
70.5
70.9
70.9
70.6
70.3
70.0
69.7
69.4
69. 1
68.9
68.7
68.4
68.2
68.2
68.9
69.7
70.6
71.4
72.1
72.8
73.6
74.3
75.0
75.4
75.7
75.9
75.7
75.3
74.8
C9 C39 C69 C99 C129
60.0
60.1
60.1
60.1
60.2
60.2
60.3
60.3
60.6
61.2
62.0
62.9
63.8
64.7
65.7
66.7
67.6
68.5
69.2
69.7
70.2
70.5
70.6
70.7
70.6
70.4
70.3
70.1
69.9
69.6
69.4
69.2
69.1
69.3
69.8
70.5
71.1
71.8
72.5
73.3
74.0
74.7
75.2
75.5
75.8
75.9
75.9
75.7
60.0
60. 1
60.1
60.2
60.2
60.3
60.3
60.4
60.6
61.1
61.8
62.6
63.5
64.4
65.3
66.3
67.3
68.2
68.9
69.5
69.9
70.3
70.5
70.7
70.7
70.6
70.5
70.3
70. 1
69.9
69.7
69.5
69.3
69.5
69.9
70.5
71.1
71.7
72.4
73. 1
73.9
74.6
75.1
75.4
75.7
75.9
75.9
75.9
60.7
60.9
61.1
61.2
61.3
61.3
61.4
61.5
64.6
67.0
68.8
70.0
70.8
72. 1
73.2
74.1
75.0
74.6
74.2
74.2
73.9
73.0
71.8
70.9
70.3
69.8
69.4
69.0
68.8
68.5
68.3
68.1
70.4
72.7
74.4
75.6
76.1
77.3
78.2
79.0
79.7
79.2
78.6
78.5
78.1
77.0
75.7
74.7
60.4
60.6
60.7
60.8
60.8
60.9
61.0
61.1
63.8
65.8
67.5
68.7
69.4
70.8
71.9
72.9
73.8
73.5
73.1
73.1
72.9
72.5
71.7
70.9
70.4
69.9
69.5
69.2
68.9
68.7
68.4
68.3
70.2
72.1
73.6
74.7
75.3
76.4
77.4
78.2
79.0
78.5
77.9
77.8
77.4
76.8
75.9
75.0
60.3
60.4
60.5
60.5
60.6
60.6
60.7
60.8
63.2
64.7
66. 1
67.1
67.8
69.2
70.4
71.4
72.4
72. 1
71.8
71.9
71.8
71.7
71.5
71.1
70.8
70.4
70.1
69.9
69.6
69.4
69.1
68.9
70.6
72.0
73.2
74.0
74.5
75.6
76.6
77.4
78.2
77.8
77.3
77.2
76.9
76.7
76.3
75.8
TIME TAIR TW
60.3
60.4
60.4
60.5
60.5
60.6
60.7
60.8
63.0
64.3
65.5
66.3
66.9
68.2
69.4
70.5
71.5
71.3
71.0
71.2
71.1
71.2
71.2
71.2
71.0
70.8
70.6
70.4
70.2
69.9
69.7
69.5
71.1
72.3
73.2
73.8
74.2
75.2
76.2
77.0
77.8
77.4
76.9
76.9
76.6
76.5
76.4
76.2
60.3
60.4
60.4
60.5
60.5
60.6
60.6
60.7
63.0
64.3
65.3
66.1
66.7
67.9
69.1
70.2
71.2
71.0
70.8
70.9
70.8
71.0
71.1
71.1
71.1
70.9
70.8
70.6
70.4
70.1
69.9
69.7
71.3
72.4
73.2
73.8
74.1
75.1
76.0
76.9
77.7
77.3
76.8
76.8
76.5
76.5
76.4
76.3
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
H
Hj
AA-5 DAY 3
half the pipe spacing = 9.0 inches slab thickness = 8.0 inches pipe radius = .50 inches
location of pipe = 5 (2 - 8) power density = 3.0 watts/sq.ft.
nighttime water temperature =43.0 (F) daytime water temperature = 55.0 (F)
TIME TAIR F1 F31 F61 F91 F121 M5 M35 M65 M95 M125 C9 C39 C69 C99 C129 TW
49.0 75.6 73.4 73.9 74.9 75.6 75.8 43.0 70.7 74.4 75.5 75.8 73.9 74.3 75.3 75.9 76.1 43.0
50.0 75.1 72.8 73.3 74.4 75.3 75.5 43.0 70.2 73.9 75.2 75.5 73.3 73.7 74.8 75.5 75.8 43.0
51.0 74.7 72.3 72.8 74.0 74.9 75.3 43.0 69.8 73.5 74.9 75.2 72.8 73.2 74.3 75.2 75.5 43.0
52.0 74.3 71.9 72.4 73.6 74.6 74.9 43.0 69.5 73.1 74.5 74.9 72.4 72.8 73.9 74.8 75.1 43.0
53.0 73.9 71.5 72.0 73.2 74.2 74.6 43.0 69.1 72.7 74.2 74.6 72.0 72.4 73.5 74.4 74.8 43.0
54.0 73.5 71.1 71.6 72.9 73.9 74.2 43.0 68.8 72.4 73.8 74.2 71.6 72.0 73.2 74.1 74.4 43.0
55.0 73.2 70.8 71.3 72.5 73.5 73.9 43.0 68.5 72.0 73.4 73.9 71.3 71.7 72.8 73.7 74.0 43.0
56.0 73.0 70.5 71.0 72.2 73.2 73.5 43.0 68.2 71.7 73.1 73.5 71.0 71.4 72.5 73.4 73.7 43.0
57.0 78.8 71.9 71.8 72.6 73.5 73.8 55.0 70.0 71.8 72.9 73.3 73.9 73.8 74.5 75.3 75.6 55.0
58.0 80.1 73.4 72.9 73.2 73.7 74.0 55.0 71.4 72.4 73.1 73.4 75.9 75.5 75.7 76.2 76.4 55.0
59.0 81.2 74.6 74.0 73.8 74.1 74.3 55.0 72.4 73.1 73.5 73.7 77.5 76.9 76.7 76.9 77.1 55.0
60.0 81.5 75.5 74.8 74.5 74.5 74.6 55.0 73.3 73.9 74.1 74.2 78.4 77.7 77.4 77.4 77.5 55.0
61.0 81.2 76.2 75.5 75.0 74.9 75.0 55.0 73.9 74.6 74.6 74.7 78.9 78.2 77.8 77.7 77.7 55.0
62.0 82.8 76.9 76.2 75.7 75.6 75.5 55.0 74.5 75.2 75.2 75.2 79.8 79.2 78.7 78.5 78.5 55.0
63.0 84.0 77.6 76.9 76.4 76.2 76.2 55.0 75.1 75.8 75.8 75.8 80.7 80.1 79.6 79.4 79.4 55.0
64.0 84.8 78.2 77.6 77.1 76.9 76.8 55.0 75.6 76.5 76.4 76.4 81.4 80.8 80.4 80.2 80.1 55.0
65.0 85.5 78.8 78.2 77.7 77.5 77.5 55.0 76.1 77.1 77.1 77.1 82.1 81.5 81.1 80.9 80.9 55.0
66.0 82.8 79.0 78.4 78.0 77.8 77.8 55.0 76.6 77.6 77.7 77.7 81.4 80.9 80.5 80.4 80.3 55.0
67.0 81.1 79.1 78.5 78.1 78.0 78.0 55.0 76.8 78.0 78.1 78.1 80.8 80.3 79.9 79.8 79.8 55.0
68.0 80.9 79.2 78.7 78.3 78.3 78.2 55.0 77.0 78.2 78.3 78.3 80.6 80.1 79.8 79.7 79.7 55.0
69.0 79.8 79.2 78.7 78.4 78.4 78.4 55.0 77.0 78.3 78.5 78.5 80.1 79.6 79.4 79.3 79.3 55.0
70.0 79.5 78.3 78.3 78.4 78.5 78.5 43.0 75.1 78.1 78.5 78.6 79.0 79.0 79.1 79.1 79.2 43.0
71.0 78.9 77.0 77.4 78.1 78.4 78.5 43.0 73.9 77.6 78.4 78.6 77.6 77.9 78.6 78.9 79.0 43.0
72.0 78.3 76.0 76.5 77.6 78.2 78.4 43.0 73.0 77.0 78.2 78.5 76.5 77.0 78.0 78.6 78.8 43.0
AA-6
half the pipe spacing =12.0 inches
location of pipe - 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
F1 F31 F61 F91 F121
60.8
60.9
61.1
61.3
61.4
61.6
61.7
62.0
68.2
70.0
71.4
71.9
72.0
74.1
75.5
76.5
77.5
75.2
73.7
73.9
73.0
73.0
72.8
72.5
OAY 2
72.3
72.1
71.9
71.8
71.7
71.5
71.4
71.4
76.7
78.6
79.8
80.3
80.1
82.0
83.2
84.1
85.0
82.4
80.8
80.8
79.8
79.6
79.3
78.9
60.8
61.4
61.9
62.2
62.4
62.6
62.7
62.9
64.8
66.8
68.5
69.9
70.9
72.0
73.0
73.9
74.7
75.1
75.4
75.8
76.0
75.1
73.9
72.9
72.2
71.7
71.2
70.9
70.6
70.4
70.2
70.1
71.2
73.1
74.7
75.9
76.8
77.7
78.6
79.3
80.0
80.3
80.5
80.8
80.9
79.9
78.5
77.4
60.2
60.5
60.8
61.0
61.2
61.4
61.6
61.7
62.9
64.3
65.7
66.9
68.0
69.1
70.2
71.1
72.0
72.5
72.9
73.4
73.7
73.6
73.0
72.4
71.9
71.5
71.1
70.8
70.6
70.4
70.2
70.0
70.6
71.8
73.0
74.0
74.9
75.8
76.7
77.5
78.3
78.7
78.9
79.2
79.4
79.2
78.5
77.7
60.1
60.2
60.3
60.4
60.6
60.7
60.8
61.0
61.8
62.6
63.5
64.4
65.3
66.3
67.4
68.4
69.3
69.9
70.4
70.9
71.3
71.6
71.8
71.7
71.6
71.5
71.3
71.2
71.1
70.9
70.8
70.7
71.1
71.7
72.3
73.0
73.7
74.5
75.4
76.2
76.9
77.3
77.7
78.0
78.2
78.4
78.4
78.2
60.1
60.1
60.2
60.3
60.4
60.5
60.6
60.7
61.5
62. 1
62.8
63.4
64. 1
65.0
65.9
66.9
67.8
68.4
68.9
69.5
69.9
70.3
70.7
70.9
71.1
71.2
71.3
71.3
71.3
71.3
71.2
71.2
71.6
72.1
72.5
73.0
73.4
74.1
74.9
75.6
76.3
76.7
77.0
77.4
77.7
77.9
78.1
78.2
slab thickness = 8.0 inches
power, density 3.0 watts/sq.ft.
pipe radius = .50 inches
daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
60.1
60.1
60.2
60.3
60.3
60.4
60.5
60.6
61.4
62.0
62.6
63.2
63.8
64.6
65.5
66.4
67.3
67.9
68.4
69.0
69.4
69.8
70.2
70.6
70.8
71.0
71.2
71.3
71.3
71.3
71.3
71.3
71.8
72.2
72.6
73. 1
73.4
74. 1
74.7
75.4
76.1
76.5
76.8
77.2
77.5
77.7
77.9
78.1
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
59.7
59.9
60.1
60.4
60.5
60.7
60.9
61.0
62.4
64.0
65.4
66.6
67.7
68.7
69.6
70.5
71.3
72.1
72.6
73.0
73.3
72.4
71.5
70.9
70.4
70.0
69.6
69.4
69.2
69.0
68.8
68.7
69.4
70.8
72.1
73.2
74. 1
74.9
75.7
76.4
77.1
77.8
78.2
78.4
78.6
77.6
76.6
75.8
60.0
60.1
60.2
60.3
60.5
60.6
60.7
60.9
61.2
62.0
63.0
64.0
65.0
66.0
67.0
68.0
68.9
69.8
70.5
71.0
71.4
71.7
71.7
71.6
71.5
71.3
71.2
71.0
70.9
70.8
70.7
70.5
70.6
71.0
71.7
72.6
73.4
74. 1
74.9
75.7
76.5
77.2
77.7
78.1
78.3
78.4
78.3
78.1
60.0
60.1
60.1
60.2
60.3
60.4
60.5
60.6
60.9
61.5
62.2
63.0
63.8
64.6
65.5
66.5
67.4
68.3
69.0
69.5
70.0
70.4
70.7
70.9
71.1
71.2
71.3
71.3
71.3
71.2
71.2
71.1
71.2
71.4
71.9
72.5
73.1
73.8
74.5
75.2
75.9
76.6
77.1
77.5
77.8
78.0
78.1
78.2
60.0
60.1
60.1
60.2
60.3
60.4
60.5
60.6
60.8
61.3
62.0
62.7
63.5
64.3
65.1
66.0
66.9
67.8
68.5
69.1
69.5
69.9
70.3
70.6
70.9
71.0
71.2
71.3
71.3
71.3
71.3
71.3
71.3
71.6
72.1
72.6
73.2
73.7
74.3
75.0
75.8
76.4
77.0
77.3
77.6
77.8
78.0
78.1
61.0
61.6
62.0
62.3
62.5
62.7
62.9
63.0
66.5
69.0
71.0
72.3
73.2
74.5
75.7
76.7
77.6
77.2
76.7
76.7
76.5
75.4
74.1
73.1
72.4
71.9
71.5
71.2
71.0
70.8
70.6
70.5
72.9
75.5
77.3
78.6
79.3
80.5
81.5
82.4
83.1
82.6
82.1
81.9
81.6
80.4
79.0
77.9
60.4
60.7
61.0
61.2
61.4
61.6
61.8
62.0
64.7
66.7
68.4
69.6
70.5
71.9
73.1
74.1
75.1
74.8
74.4
74.5
74.3
74.0
73.4
72.7
72.2
71.7
71.4
71.1
70.9
70.7
70.5
70.4
72.3
74.2
75.7
76.9
77.5
78.7
79.8
80.7
81.5
81.1
80.6
80.5
80.2
79.7
79.0
78.2
60.3
60.4
60.6
60.7
60.8
61.0
61.1
61.3
63.7
65.1
66.4
67.4
68.1
69.4
70.6
71.7
72.7
72.5
72.2
72.4
72.2
72.3
72.3
72.2
72.0
71.8
71.7
71.5
71.4
71.2
71.1
71.0
72.8
74.1
75.2
76.0
76.4
77.6
78.6
79.5
80.3
79.9
79.5
79.5
79.2
79.1
78.9
78.7
60.3
60.4
60.5
60.6
60.7
60.8
60.9
61.1
63.4
64.7
65.7
66.5
67.0
68.2
69.4
70.4
71.4
71.2
70.9
71.1
71.0
71.2
71.4
71.5
71.6
71.6
71.6
71.6
71.6
71.5
71.5
71.4
73.2
74.4
75.3
75.9
76.2
77.2
78.1
79.0
79.8
79.4
78.9
78.9
78.7
78.7
78.7
78.6
TW
60.3
60.4
60.5
60.6
60.6
60.7
60.8
61.0
63.3
64.6
65.6
66.3
66.8
67.9
69.0
70.0
71.0
70.7
70.5
70.7
70.6
70.8
71.0
71.2
71.4
71.5
71.5
71.6
71.6
71.6
71.6
71.6
73.3
74.6
75.4
76.0
76.2
77.2
78.0
78.9
79.6
79.2
78.8
78.8
78.5
78.5
78.5
78.6
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
H1
N.,
H
AA-6 DAY 3
half the pipe spacing =12.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43. (F)
TIME TAIR
78.5
78..2
77.9
77.6
77.3
77.1
76.8
76.7
82.6
84.0
85. 1
85.3
85.0
86.7
87.9
88.7
89.4
86.8
85.1
85.0
.83.9
83.6
83. 1
F1 F31 F61 F91 F121
76.6
76.0
75.5
75. 1
74.7
74.4
74.1
73.9
75.4
77.2
78.6
79.6
80.4
81.2
82.0
82.7
83.3
83.5
83.6
83.8
83.8
82.7
81.3
77. 1
76.5
76. 1
75.7
75.3
75.0
74.7
74.5
75.3
76.3
77.4
78.3
79.1
79.9
80.7
81.4
82.1
82.3
82.5
82.7
82.8
82.5
81.8
78.0
77.7
77.4
77.1
76.9
76.6
76.3
76.1
76.6
77.0
77.6
78.2
78.7
79.4
80.2
80.8
81.5
81.8
-82.0
82.3
82.4
82.5
82.4
78.2
78.2
78.1
77.9
77.8
77.6
77.4
77.2
77.7
78.0
78.3
78.7
79.0
79.6
80.2
80.8
81.4
81.7
81.9
82.2
82.3
82.4
82.5
78.2
78.2
78.2
78.1
78.0
77.9
77.7
77.6
78.0
78.3
78.6
78.9
79.2
79.7
80.2
80.8
81.4
81.7
81.9
82. 1
82.3
82.4
82.5
slab thickness = 8.0 inches pipe radius = .50 inches
power density = 3.0 watts/sq.ft.
daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
75.2
74.7
74.3
73.9
73.6
73.3
73.0
72.8
73.8
75.1
76.2
77.2
78.0
78.7
79.4
80.0
80.6
81.2
81.5
81.7
81.8
80.7
79.6
77.8
77.5
77.2
76.9
76.7
76.4
76.2
75.9
75.9
76.3
77.0
77.7
78.4
79.0
79.7
80.4
81.1
81.7
82.1
82.3
82.5
82.5
82.3
78.2
78.2
78. 1
77.9
77.8
77.6
77.4
77.2
77.1
77.4
77.8
78.2
78.7
79.2
79.8
80.4
81.0
81.6
82.0
82.3
82.5
82.6
82.6
78.2
78.3
78.2
78.2
78.0
77.9
77.7
77.6
77.5
77.7
78.1
78.5
78.9
79.3
79.9
80.4
81.0
81.6
82.0
82.3
82.4
82.6
82.6
77.1
76.5
76.0
75.5
75.2
74.9
74.6
74.4
77.5
79.8
81.4
82.5
83.1
84.1
85.0
85.8
86.5
85.9
85.3
85.1
84.6
83.4
81.9
77.5
77.0
76.5
76.1
75.8
75.4
75.2
75.0
77.3
78.9
80.3
81.3
81.8
82.9
83.9
84.7
85.4
84.8
84.3
84.1
83.7
83.2
82.3
78.3
78.0
77.7
77.4
77. 1
76.9
76.6
76.4
78.4
79.5
80.5
81.1
81.5
82.4
83.4
84.2
84.9
84.4
83.8
83.7
83.3
83.2
82.9
78.6
78.4
78.3
78. 1
78.0
77.8
77.6
77.4
79.4
80.4
81.1
81.5
81.7
82.5
83.4
84.1
84.8
84.3
83.7
83.6
83.3
83.1
83.1
72.0 82.7 80.2 80.9 82.1 82.5 82.6 43.0 78.8 82.0 82.6 82.7 80.7 81.4 82.5 82.9 83.0 43.0
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
78.6
78.5
78.4
78.3
78.2
78.0
77.8
77.7
79.7
80.7
81.4
81.7
81.9
82.6
83.4
84.1
84.8
84.2
83.7
83.6
83.2
83.1
83.1
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
AA-7
half the pipe spacing = 6.0 inches
location of pipe = 5 (2 - 8)
nighttime water4 temperature = 43.0 (F)
TIME TAIR F1 F31 F61 F91 F121
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
60.7
60.1
59.5
59.0
58.4
57.9
57.5
57.2
64.1
66.0
67.5
68. I
67.9
70.2
71.6
72.6
73.4
70.4
68.4
68.1
66.8
66.3
65.3
64.3
DAY 2
63.3
62.4
61.6
60.9
60.2
59.6
59.0
58.6
64.5
66.7
68.2
68.8
68.6
70.8
72.1
73.1
73.9
70.8
68.7
68.5
67.1
66.6
65.6
64.5
59.6
58.8
58. 1
57.5
57.0
56.5
56.1
55.8
57.3
59.0
60.4
61.4
62.1
63.0
63.8
64.5
65.2
65.4
65.5
65.7
65.7
64.6
63.1
62.0
61.1
60.3
59.6
59.0
58.4
57.9
57.4
57.0
57.9
59.6
60.9
61.9
62.6
63.5
64.3
65.0
65.6
65.8
65.8
66.0
66.0
64.9
63.4
62.2
59.6
58.9
58.2
57.6
57.1
56.6
56.2
55.9
57.1
58.6
59.9
60.9
61.7
62.6
63.4
64.2
64.9
65.1
65.3
65.4
65.5
64.7
63.4
62.3
61.4
60.6
59.8
59.2
58.6
58. 1
57.5
57. 1
57.8
59.2
60.5
61.5
62.2
63.1
63.9
64.6
65.3
65.5
65.6
65.8
65.8
64.9
63.6
62.5
59.8
59.2
58.6
58.0
57.5
57.0
56.6
56.2
57.0
58.1
59.2
60.2
61.0
62.0
62.9
63.7
64.5
64.8
65.0
65.2
65.2
64.9
64.0
63.0
62.1
61.3
60.6
59.9
59.2
58.6
58.0
57.5
57.9
58.9
59.9
60.9
61.6
62.6
63.4
64.2
64.9
65.2
65.4
65.5
65.6
65.2
64.3
63.3
60.0
59.6
59. 1
58.5
57.9
57.4
57.0
56.5
57. 1
57.8
58.7
59.7
60.5
61.5
62.5
63.4
64.2
64.6
64.8
65.1
65.2
65. 1
64.5
63.7
62.9
62.1
61.3
60.5
59.8
59. 1
58.5
58.0
58.2
58.7
59.6
60.4
61.2
62.2
63. 1
63.9
64.7
65.0
65.2
65.5
65.5
65.4
64.8
64.0
60.0
59.7
59.2
58.7
58. 1
57.6
57.1
56.7
57. 1
57.7
58.6
59.5
60.4
61.4
62.4
63.3
64. 1
64.5
64.8
65.0
65. 1
65. 1
64.7
64.0
63.2
62.3
61.5
60.8
60.0
59.4
58.7
58.2
58.3
58.7
59.5
60.3
61.1
62.1
63.0
63.8
64.6
65.0
65.2
65.4
65.5
65.5
65.0
64.3
slab thickness = 8.0 inches
power density = 3.5 watts/sq.ft.
daytime water temperature =
M5 M35 M65 M95 M125
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
54.1
53.3
52.9
52.5
52.2
51.9
51.7
51.5
56.5
57.7
58.6
59.2
59.8
60.3
60.8
61.3
61.7
62.0
62.2
62.3
62.4
57.2
56.1
55.4
54.8
54.3
53.9
53.5
53.1
52.8
52.5
52.2
56.6
58.1
58.9
59.6
60.1
60.6
61.1
61.5
61.9
62.3
62.4
62.5
62.5
57.4
56.2
55.5
58.6
57.7
57.1
56.6
56.1
55.7
55.3
54.9
56.2
57.5
58.6
59.6
60.4
61.2
62.0
62.7
63.4
64.0
64.4
64.5
64.6
63.2
62.0
61.1
60.3
59.6
58.9
58.2
57.7
57. 1
56.6
56.2
56.9
58.1
59.2
60.2
61.0
61.7
62.5
63.2
63.8
64.4
64.7
64.9
64.9
63.5
62.3
61.3
59.7
59.1
58.5
58.0
57.5
57.0
56.5
56.1
56.2
57.1
58. 1
59.2
60.2
61.1
61.9
62.8
63.6
64.3
64.7
65.0
65.1
64.7
64.0
63.1
62.3
61.5
60.7
59.9
59.3
58.6
58.1
57.5
57.3
58.0
58.9
59.9
60.8
61.7
62.5
63.3
64. 1
64.7
65.1
65.3
65.4
65.0
64.3
63.4
59.9
59.4
58.9
58.4
57.8
57.3
56.9
56.4
56.3
57.0
58.0
59.0
60.0
61.0
61.9
62.8
63.6
64.3
64.8
65.0
65.2
65.0
64.5
63.7
62.8
62.0
61.2
60.4
59.7
59. 1
58.5
57.9
57.6
57.9
58.8
59.8
60.7
61.6
62.5
63.3
64.1
64.8
65.2
65.4
65.5
65.4
64.8
64.0
pipe radius = .50 inches
55.0 (F)
C9
59.9
59. 1
58.4
57.8
57.4
56.9
56.5
56.2
59.5
61.9
63.6
64.7
65.2
66.4
67.5
68.3
69.1
68.3
67.6
67.3
66.7
65.4
63.8
62.6
61.6
60.8
60.1
59.4
58.8
58.3
57.8
57.4
59.8
62.3
64.1
65.2
65.7
66.9
67.9
68.7
69.4
68.7
67.9
67.6
67.0
65.7
64.1
62.8
C39 C69 C99 C129
59.9
59.2
58.5
58.0
57.5
57.0
56.6
56.3
59.3
61.5
63.2
64.2
64.8
66.0
67.1
68.0
68.8
68.1
67.3
67. 1
66.5
65.5
64.1
62.9
61.9
61.1
60.3
59.6
59.0
58.5
57.9
57.5
59.7
62.0
63.7
64.8
65.4
66.6
67.6
68.4
69.2
68.5
67.7
67.4
66.8
65.8
64.3
63.1
60.1
59.5
58.9
58.4
57.8
57.4
56.9
56.6
59. 1
61.0
62.5
63.6
64.2
65.5
66.6
67.6
68.4
67.7
67.0
66.9
66.3
65.7
64.6
63.6
62.6
61.8
61.0
60.2
59.6
59.0
58.4
57.9
59.8
61.6
63.2
64.2
64.8
66.0
67.1
68.0
68.8
68.2
67.4
67.2
66.6
66.0
64.9
63.8
60.2
59.9
59.3
58.8
58.3
57.7
57.3
56.9
59.2
60.7
62.1
63.1
63.7
65.1
66.3
67.3
68.2
67.6
66.9
66.8
66.2
65.9
65.1
64.2
63.3
62.4
61.6
60.8
60.1
59.5
58.9
58.4
60.0
61.5
62.8
63.8
64.4
65.7
66.8
67.8
68.6
68.0
67.3
67.1
66.6
66.2
65.4
64.5
60.3
60.0
59.5
59.0
58.4
57.9
57.4
57.0
59.3
60.6
62.0
63.0
63.6
65.0
66.2
67.2
68.1
67.5
66.9
66.7
66.2
65.9
65.3
64.5
63.6
62.7
61.8
61.1
60.3
59.7
59.0
58.5
60.2
61.5
62.7
63.7
64.3
65.6
66.7
67.7
68.6
68.0
67.3
67.1
66.6
66.3
65.6
64.8
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
half the pipe spacing = 6.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature =43. (F)
slab thickness = 8.0 inches pipe radius = .50 inches
power density = 3.5 watts/sq.ft.
daytime water temperature = 55.0 (F)
Fl F31 F61 F91 F121
61.3
60.5
59.8
59.1
58.6
58.0
57.5
57.1
58.5
60.1
61.4
62.3
63.0
63.8
64.5
65.2
65.8
66.0
66.0
66.2
66.1
65.0
63.5
62.3
61.6
60.8
60.0
59.4
58.8
58.2
57.7
57.2
58.4
59.8
61.0
61.9
62.6
63.4
64.2
64.9
65.6
65.7
65.8
66.0
65.9
65.1
63.8
62.7
62.4
61.5
60.8
60.0
59.4
58.8
58.2
57.7
58.4
59.4
60.4,
61.3
62.0
62.9
63.7
64.5
65.2
65.5
65.6
65.8
65.8
65.4
64.4
63.5
63.1
62.3
61.5
60.7
60.0
59.3
58.7
58.1
58.5
59.2
60.0
60.9
61.6
62.5
63.4
64.2
65.0
65.3
65.5
65.7
65.7
65.6
65.0
64.2
63.4
62.6
61.8
61.0
60.2
59.6
58.9
58.3
58.7
59. 1
59.9
60.7
61.5
62.4
63.3
64.2
65.0
65.3
65.5
65.7
65.7
65.7
65.2
64.5
M5 M35 M65 M95 M125
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
54.9
54.5
54.0
53.6
53.2
52.9
52.6
52.3
57.2
58.4
59.2
59.9
60.4
60.8
61.3
61.7
62.1
62.4
62.6
62.6
62.6
57.5
56.3
55.6
60.5
59.8
59.1
58.4
57.8
57.3
56.8
56.3
57.4
58.6
59.6
60.5
61.3
62.0
62.7
63.4
64.1
64.6
64.9
65.0
65.1
63.7
62.4
61.5
62.5
61.7
60.9
60.1
59.5
58.8
58.2
57.7
57.7
58.4
59.4
60.3
61.2
62.0
62.8
63.6
64.4
65.0
65.4
65.6
65.6
65.2
64.4
63.6
63.1
62.2
61.4
60.6
59.9
59.2
58.6
58.0
57.8
58 . 4
59.2
60.2
61.1
62.0
62.8
63.6
64.4
65.1
65.5
65.7
65.8
65.6
65.0
64.1
C9 C39 C69 C99 C129
61.8
61.0
60.3
59.6
59.0
58.5
57.9
57.5
60.7
63.0
64.6
65.6
66.1
67.1
68.2
69.0
69.7
68.9
68.1
67.8
67.2
65.8
64.2
63.0
62.1
61.3
60.5
59.8
59.2
58.6
58.1
57.6
60.6
62.7
64.3
65.2
65.7
66.8
67.9
68.7
69.4
68.7
67.9
67.6
67.0
65.9
64.5
63.3
62.9
62.0
61.2
60.4
59.8
59. I
58.6
58.1
60.5
62.3
63.7
64.7
65.2
66.3
67.4
68.3
69.1
68.4
67.7
67.4
66.8
66.2
65.1
64.0
63.6
62.7
61.8
61.0
60.3
59.6
59.0
58.5
60.7
62.1
63.4
64.3
64.8
66.0
67.2
68.1
68.9
68.3
67.6
67.4
66.8
66.4
65.6
64.7
63.8
62.9
62. 1
61.3
60.5
59.9
59.2
58.7
60.8
62.1
63.3
64.2
64.7
65.9
67.1
68.0
68.9
68.2
67.6
67.4
66.8
66.5
65.8
64.9
TIME TAIR
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
63.5
62.6
61.8
61.1
60.4
59.7
59.2
58.7
65.5
67.3
68.7
69.2
69.0
71.0
72.5
73.4
74.2
71.0
69.0
68.7
67.3
66.8
65.8
64.7
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
X-
IN
AA-7 DAY 3
AA-8
half the pipe spacing 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness = 8.0 inches pipe radius = .50 inches
power density = 3.5 watts/sq.ft.
daytime water temperature = 55.0 (F)
F1 F31 F61
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
60.9
60.9
61.0
61.1
61.2
61.3
61.3
61.5
68.7
70.7
72.2
72.8
72.8
75.1
76.7
77.9
78.9
76.1
74.3
74.4
73.3
73.2
72.8
72.4
OAY 2
72.0
71.7
71.4
71.1
70.8
70.6
70.3
70.2
76.3
78.4
79.7
80.2
79.9
82.0
83.4
84.3
85.2
82.1
80.2
80.0
78.8
78.5
77.9
77.4
60.5
60.7
60.9
61.0
61.1
61.1
61.2
61.3
63.0
64.9
66.5
67.7
68.7
69.8
70.8
71.8
72.6
73.0
73.3
73.7
73.9
73. 1
72.0
71.2
70.5
70.0
69.6
69.2
69.0
68.7
68.5
68.3
69.3
71.0
72.4
73.6
74.4
75.3
76.1
76.9
77.6
77.8
78.0
78.2
78.2
77.4
76.1
75. 1
F91 F121
60.2
60.4
60.5
60.6
60.6
60.7
60.8
60.8
62.1
63.7
65.1
66.3
67.3
68.4
69.5
70.5
71.4
71.8
72.2
72.6
72.8
72.6
71.9
71.2
70.7
70.2
69.8
69.5
69.2
68.9
68.7
68.5
69.2
70.4
71.7
72.7
73.5
74.5
75.3
76.1
76.8
77.1
77.3
77.5
77.6
77.3
76.4
75.6
60.1
60.2
60.2
60.3
60.3
60.4
60.5
60.6
61.5
62.5
63.6
64.6
65.6
66.7
67.8
68.8
69.8
70.4
70.8
71.3
71.7
71.9
71.8
71.5
71.2
70.9
70.6
70.3
70.0
69.8
69.5
69.3
69.7
70.4
71.2
72.0
72.7
73.6
74.5
75.3
76.1
76.5
76.7
77.0
77.2
77.2
76.9
76.5
M5 M35 M65 M95 M125
60.1
60.1
60.2
60.2
60.3
60.4
60.4
60.5
61.3
62.1
62.9
63.7
64.6
65.7
66.7
67.8
68.9
69.5
70.0
70.5
70.9
71.3
71.5
71.6
71.5
71.4
71.2
71.0
70.7
70.5
70.2
70.0
70.4
70.8
71.3
71.9
72.5
73.3
74.1
74.9
75.7
76. 1
76.4
76.8
77.0
77.1
77.2
77.0
60.1
60.1
60.2
60.2
60.3
60.3
60.4
60.5
61.3
62.0
62.7
63.5
64.3
65.3
66.4
67.5
68.5
69.2
69.7
70.3
70.7
71.1
71.4
71.5
71.6
71.5
71.4
71.2
71.0
70.7
70.5
70.3
70.7
71.0
71.4
71.9
72.4
73.2
74.0
74.8
75.6
76.0
76.3
76.7
76.9
77. 1
77.2
77.2
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
59.1
59.1
59.2
59.2
59.3
59.3
59.4
59.4
61.6
63.3
64.6
65.8
66.8
67.7
68.6
69.4
70.2
70.9
71.4
71.7
72.0
70.2
69. 1
68.5
68.0
67.6
67.2
66.9
66.7
66.5
66.3
66.1
67.5
69.1
70.3
71.3
72.2
72.9
73.6
74.3
74.9
75.5
75.8
76.0
76.1
74.2
73.0
72.2
59.9
59.9
60.0
60.1
60.1
60.2
60.2
60.3
60.8
61.8
63.0
64.2
65.3
66.3
67.3
68.3
69.3
70.2
70.9
71.3
71.7
71.7
71.4
71.1
70.7
70.4
70.1
69.9
69.6
69.3
69.1
68.9
68.9
69.6
70.5
71.4
72.3
73. 1
73.9
74.7
75.5
76.2
76.6
76.9
77.1
76.9
76.5
76.0
C9 C39 C69 C99 C129
60.0
60.1
60.1
60.2
60.2
60.3
60.3
60.4
60.7
61.3
62.2
63.2
64.2
65.2
66.3
67.3
68.4
69.4
70.1
70.7
71.1
71.4
71.5
71.5
71.4
71.3
71.1
70.9
70.6
70.4
70.2
69.9
69.8
70.1
70.7
71.4
72.1
72.8
73.6
74.5
75.3
76.0
76.5
76.9
77.1
77.2
77.2
77.0
60.0
60.1
60.1
60.2
60.2
60.3
60.4
60.4
60.6
61.2
62.0
63.0
63.9
64.9
65.9
67.0
68.1
69.1
69.8
70.4
70.9
71.2
71.4
71.6
71.6
71.5
71.3
71.2
70.9
70.7
70.5
70.2
70. 1
70.3
70.8
71.4
72.1
72.8
73.5
74.4
75.2
75.9
76.5
76.8
77.1
77.2
77.3
77.2
60.7
61.0
61.1
61.2
61.3
61.4
61.5
61.6
65.1
67.7
69.6
70.9
71.7
73.1
74.3
75.3
76.3
75.7
75.2
75.1
74.7
73.8
72.6
71.6
71.0
70.5
70.0
69.7
69.4
69.2
68.9
68.8
71.3
73.8
75.7
76.9
77.4
78.7
79.7
80.6
81.4
80.7
79.9
79.7
79.2
78. 1
76.8
75.7
60.4
60.6
60.7
60.8
60.9
61.0
61.0
61.2
64.3
66.5
68.3
69.6
70.3
71.8
73.1
74.1
75. 1
74.7
74. 1
74.1
73.8
73.3
72.5
71.7
71.1
70.6
70.2
69.9
69.6
69.4
69. 1
68.9
71.1
73.2
74.9
76.1
76.6
77.9
78.9
79.9
80.7
80.0
79.3
79.2
78.7
78.0
77.0
76.1
60.4
60.4
60.5
60.6
60.7
60.7
60.8
60.9
63.7
65.4
66.9
68.0
68.8
70.2
71.5
72.7
73.7
73.4
72.9
73.0
72.7
72.7
72.4
72.0
71.6
71.3
71.0
70.7
70.4
70.1
69.9
69.7
71.6
73.2
74.5
75.4
75.9
77.1
78.2
79.2
80.0
79.4
78.8
78.7
78.2
78.0
77.5
77.0
TIME TAIR TW
60.4
60.4
60.5
60.6
60.6
60.7
60.7
60.9
63.5
65.0
66.3
67.2
67.9
69.3
70.6
71.8
72.9
72.6
72.2
72.3
72.1
72.2
72.2
72.1
71.9
71.7
71.5
71.3
71.0
70.8
70.5
70.3
72.2
73.6
74.6
75.3
75.7
76.8
77.9
78.8
79.7
79.1
78.6
78.5
78.1
77.9
77.8
77.5
60.4
60.4
60.5
60.6
60.6
60.7
60.7
60.9
63.5
64.9
66.1
67.0
67.6
69.0
70.3
71.5
72.6
72.3
71.9
72.1
71.9
72.0
72.1
72.1
72.0
71.9
71.7
71.5
71.2
71.0
70.7
70.6
72.4
73.7
74.7
75.3
75.6
76.7
77.8
78.7
79.6
79.1
78.5
78.4
78.0
77.9
77.8
77.6
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
I
U,
'nj
half the pipe spacing = 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness = 8.0 inches
power density 3.5 watts/sq.ft.
pipe radius = .50 inches
daytime water temperature = 55.0 (F)
F1 F31 F61 F91 F121 M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
76.8
76.3
75.9
75.4
75.0
74.6
74.3
74.0
80.8
82.4
83.5
83.8
83.4
85.2
86.6
87.4
88.2
85.1
83.0
82.8
81.4
81 .0
80.4
74.3
73.7
73.2
72.7
72.3
72.0
71.6
71.3
72.7
74.3
75.6
76.5
77.2
78.0
78.8
79.4
80.0
80.2
80.2
80.4
80.4
79.4
78.1
74.9
74.3
73.7
73.3
72.9
72.5
72.1
71.8
72.7
73.9
75.0
75.9
76.6
77.4
78.2
78.9
79.5
79.7
79.8
80.0
80.0
79.5
78.6
76.0
75.5
75.1
74.7
74.3
73.9
73.5
73. 1
73.7
74.3
75.0
75.7
76.2
77.0
77.8
78.5
79.2
79.4
79.6
79.8
79.8
79.8
79.4
72.0 79.8 77.0 77.7. 78.9
TIME TAIR TW
76.8
76.5
76.1
75.7
75.4
75.0
74.6
74.2
74.6
74.9
75.4
75.8
76.3
76.9
77.7
78.4
79.1
79.4
79.6
79.8
79.9
80.0
79.9
79.7
77.0
76.8
76.5
76. 1
75.7
75.4
75.0
74.6
75.0
75.2
75.6
75.9
76.3
76.9
77.7
78.4
79.1
79.4
79.6
79.8
79.9
80.0
80.0
79.9
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
71.6
71.1
70.6
70.2
69.9
69.6
69.3
69.0
70.8
72.2
73.2
74.1
74.9
75.5
76.1
76.7
77.2
77.7
78.0
78.1
78.1
76.2
74.9
74.0
75.5
75.0
74.6
74.1
73.7
73.4
73.0
72.6
72.7
73.4
74.2
75.0
75.7
76.4
77.1
77.8
78.5
79.1
79.4
79.6
79.7
79.5
78.9
78.3
76.7
76.4
76.0
75.7
75.3
74.9
74.5
74.1
73.9
74.2
74.7
75.3
75.9
76.5
77.2
77.9
78.6
79.2
79.7
79.9
80.0
80.0
79.9
79.6
77.0
76.8
76.5
76.1
75.7
75.3
75.0
74.6
74.4
74.5
74.9
75.4
76.0
76.6
77.2
77.9
78.6
79.3
79.7
80.0
80.1
80.1
80.1
79.9
74.9
74.3
73.7
73.3
72.9
72.5
72.2
71.9
75. 1
77.3
78.9
79.9
80.4
81.4
82.4
83.2
83.9
83.1
82.3
82.0
81.4
80.2
78.8
77.7
75.4
74.8
74.2
73.8
73.4
73.0
72.6
72.3
75.0
76.9
78.4
79.3
79.8
80.8
81.8
82.6
83.4
82.6
81.9
81.6
81.0
80.3
79.2
78.3
76.5
75.9
75.5
75.0
74.6
74.2
73.8
73.5
75.8
77.2
78.3
79.1
79.4
80.4
81.5
82.3
83.1
82.4
81.7
81.5
80.9
80.6
80.0
79.4
77.2
76.8
76.4
76.0
75.6
75.2
74.8
74 . 5
76.7
77.8
78.6
79.2
79. 4
80.4
81.4
82.2
83.0
82.3
81.7
81.5
81.0
80.7
80.5
80.1
77.4
77.1
76.7
76.3
75.9
75.5
75.2
74.8
77.0
78.0
78.8
79.3
79.5
80.4
81.4
82.2
83.0
82.3
81.7
81.5
81.0
80.8
80.6
80.3
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
I
F-1
AA-8 DAY 3
AA -9
half the pipe spacing = 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR F1 F31 F61 F91 F121
slab thickness = 8.0 inches
power density = 3.5 watts/sq.ft.
pipe radius = .50 inches
. daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
60.9
60.9
61.0
61.1
61.2
61.3
61.3
61.5
68.7
70.7
72.2
72.8
72.8
75.1
76.7
77.9
78.9
76.1
74.3
74.4
73.3
73.2
72.8
72.4
DAY 2
72.0
71.7
71.4
71.1
70.8
70.6
70.3
70.2
76.3
78.4
79.7
80.2
79.9
82.0
83.4
84.3
85.2
82.1
80.2
80.0
78.8
78.5
77.9
77.4
60.5
60.7
60.9
61.0
61.1
61.1
61.2
61.3
63.0
64.9
66.5
67.7
68.7
69.8
70.8
71.8
72.6
73.0
73.3
73.7
73.9
73.1
72.0
71.2
70.5
70.0
69.6
69.2
69.0
68.7
68.5
68.3
69.3
71.0
72.4
73.6
74.4
75.3
76. 1
76.9
77.6
77.8
78.0
78.2
78.2
77.4
76.1
60.2
60.4
60.5
60.6
60.6
60.7
60.8
60.8
62.1
63.7
65.1
66.3
67.3
68.4
69.5
70.5
71.4
71.8
72.2
72.6
72.8
72.6
71.9
71.2
70.7
70.2
69.8
69.5
69.2
68.9
68.7
68.5
69.2
70.4
71.7
72.7
73.5
74.5
75.3
76. 1
76.8
77.1
77.3
77.5
77.6
77.3
76.4
60. 1
60.2
60.2
60.3
60.3
60.4
60.5
60.6
61.5
62.5
63.6
64.6
65.6
66.7
67.8
68.8
69.8
70.4
70.8
71.3
71.7
71.9
71.8
71.5
71.2
70.9
70.6
70.3
70.0
69.8
69.5
69.3
69.7
70.4
71.2
72.0
72.7
73.6
74.5
75.3
76.1
76.5
76.7
77.0
77.2
77.2
76.9
75.1 75.6 76.5 77.0 77.2
60.1
60.1
60.2
60.2
60.3
60.4
60.4
60.5
61.3
62.1
62.9
63.7
64.6
65.7
66.7
67.8
68.9
69.5
70.0
70.5
70.9
71.3
71.5
71.6
71.5
71.4
71.2
71.0
70.7
70.5
70.2
70.0
70.4
70.8
71.3
71.9
72.5
73.3
74.1
74.9
75.7
76.1
76.4
76.8
77.0
77.1
77.2
60.1
60.1
60.2
60.2
60.3
60.3
60.4
60.5
61.3
62.0
62.7
63.5
64.3
65.3
66.4
67.5
68.5
69.2
69.7
70.3
70.7
71.1
71.4
71.5
71.6
71.5
71.4
71.2
71.0
70.7
70.5
70.3
70.7
71.0
71.4
71.9
72.4
73.2
74.0
74.8
75.6
76.0
76.3
76.7
76.9
77.1
77.2
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
59.1
59.1
59.2
59.2
59.3
59.3
59.4
59.4
61.6
63.3
64.6
65.8
66.8
67.7
68.6
69.4
70.2
70.9
71.4
71.7
72.0
70.2
69.1
68.5
68.0
67.6
67.2
66.9
66.7
66.5
66.3
66.1
67.5
69.1
70.3
71.3
72.2
72.9
73.6
74.3
74.9
75.5
75.8
76.0
76.1
74.2
73.0
59.9
59.9
60.0
60.1
60.1
60.2
60.2
60.3
60.8
61.8
63.0
64.2
65.3
66.3
67.3
68.3
69.3
70.2
70.9
71.3
71.7
71.7
71.4
71.1
70.7
70.4
70.1
69.9
69.6
69.3
69.1
68.9
68.9
69.6
70.5
71.4
72.3
73. 1
73.9
74.7
75.5
76.2
76.6
76.9
77.1
76.9
76.5
43.0 72.2 76.0 77.0 77.2
60.7
61.0
61.1
61.2
61.3
61.4
61.5
61.6
65.1
67.7
69.6
70.9
71.7
73. 1
74.3
75.3
76.3
75.7
75.2
75.1
74.7
73.8
72.6
71.6
60.4
60.6
60.7
60.8
60.9
61.0
61.0
61.2
64.3
66.5
68.3
69.6
70.3
71.8
73.1
74.1
75.1
74.7
74.1
74.1
73.8
73.3
72.5
71.7
60.4
60.4
60.5
60.6
60.7
60.7
60.8
60.9
63.7
65.4
66.9
68.0
68.8
70.2
71.5
72.7
73.7
73.4
72.9
73.0
72.7
72.7
72.4
72.0
60.4
60.4
60.5
60.6
60.6
60.7
60.7
60.9
63.5
65.0
66.3
67.2
67.9
69.3
70.6
71.8
72.9
72.6
72.2
72.3
72.1
72.2
72.2
72.1
60.4
60.4
60.5
60.6
60.6
60.7
60.7
60.9
63.5
64.9
66.1
67.0
67.6
69.0
70.3
71.5
72.6
72.3
71.9
72.1
71.9
72.0
72.1
72.1
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
60.0
60.1
60.1
60.2
60.2
60.3
60.3
60.4
60.7
61.3
62.2
63.2
64.2
65.2
66.3
67.3
68.4
69.4
70.1
70.7
71.1
71.4
71.5
71.5
71.4
71.3
71.1
70.9
70.6
70.4
70.2
69.9
69.8
70. 1
70.7
71.4
72.1
72.8
73.6
74.5
75.3
76.0
76.5
76.9
77.1
77.2
77.2
TW
60.0
60.1
60.1
60.2
60.2
60.3
60.4
60.4
60.6
61.2
62.0
63.0
63.9
64.9
65.9
67.0
68.1
69.1
69.8
70.4
70.9
71.2
71.4
71.6
71.6
71.5
71.3
71.2
70.9
70.7
70.5
70.2
70.1
70.3
70.8
71.4
72.1
72.8
73.5
74.4
75.2
75.9
76.5
76.8
77.1
77.2
77.3
71.0 71.1 71.6 71.9 72.0 43.0
70.5 70.6 71.3 71.7 71.9 43.0
70.0 70.2 71.0 71.5 71.7 43.0
69.7 69.9 70.7 71.3 71.5 43.0
69.4 69.6 70.4 71.0 71.2 43.0
69.2 69.4 70.1 70.8 71.0 43.0
68.9 69.1 69.9 70.5 70.7 43.0
68.8 68.9 69.7 70.3 70.6 43.0
71.3 71.1 71.6 72.2 72.4 55.0
73.8 73.2 73.2 73.6 73.7 55.0
75.7 74.9 74.5 74.6 74.7 55.0
76.9 76.1 75.4 75.3 75.3 55.0
77.4 76.6 75.9 75.7 75.6 55.0
78.7 77.9 77.1 76.8 76.7 55.0
79.7 78.9 78.2 77.9 77.8 55.0
80.6 79.9 79.2 78.8 78.7 55.0
81.4 80.7 80.0 79.7 79.6 55.0
80.7 80.0 79.4 79.1 79.1 55.0
79.9 79.3 78.8 78.6 78.5 55.0
79.7 79.2 78.7 78.5 78.4 55.0
79.2 78.7 78.2 78.1 78.0 55.0
78.1 78.0 78.0 77.9 77.9 43.0
76.8 77.0 77.5 77.8 77.8 43.0
75.7 76.1 77.0 77.5 77.6 43.0
I"
half the pipe spacing = 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature =43.0 (F)
slab thickness = 8.0 inches pipe radius = .50 inches
power density = 3.5 watts/sq.ft.
daytime water temperature = 55.0 (F)
F1 F31 F61 F91 F121 M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
76.8
76.3
75.9
75.4
75.0
74.6
74.3
74.0
80.8
82.4
83.5
83.8
83.4
85.2
86.6
87.4
88.2
85.1
83.0
82.8
81.4
81.0
80.4
74.3
73.7
73.2
72.7
72.3
72.0
71.6
71.3
72.7
74.3
75.6
76.5
77.2
78.0
78.8
79.4
80.0
80.2
80.2
80.4
80.4
79.4
78.1
74.9
74.3
73.7
73.3
72.9
72.5
72. 1
71.8
72.7
73.9
75.0
75.9
76.6
77.4
78.2
78.9
79.5
79.7
79.8
80.0
80.0
79.5
78.6
76.0
75.5
75.1
74.7
74.3
73.9
73.5
73. 1
73.7
74.3
75.0
75.7
76.2
77.0
77.8
78.5
79.2
79.4
79.6
79.8
79.8
79.8
79.4
76.8
76.5
76.1
75.7
75.4
75.0
74.6
74.2
74.6
74.9
75.4
75.8
76.3
76.9
77.7
78.4
79.1
79.4
79.6
79.8
79.9
80.0
79.9
77.0
76.8
76.5
76. 1
75.7
75.4
75.0
74.6
75.0
75.2
75.6
75.9
76.3
76.9
77.7
78.4
79.1
79.4
79.6
79.8
79.9
80.0
80.0
72.0 79.8 77.0 77.7 78.9 79.7 79.9
43.0 71.6 75.5 76.7
43.0 71.1 75.0 76.4
43.0 70.6 74.6 76.0
43.0 70.2 74.1 75.7
43.0 69.9 73.7 75.3
43.0 69.6 73.4 74.9
43.0 69.3 73.0 74.5
43.0 69.0 72.6 74.1
55.0 70.8 72.7 73.9
55.0 72.2 73.4 74.2
55.0 73.2 74.2 74.7
55.0 74.1 75.0 75.3
55.0 74.9 75.7 75.9
55.0 75.5 76.4 76.5
55.0 76.1 77.1 77.2
55.0 76.7 77.8 77.9
55.0 77.2 78.5 78.6
55.0 77.7 79.1 79.2
55.0 78.0 79.4 79.7
55.0 78.1 79.6 79.9
55.0 78.1 79.7 80.0
43.0 76.2 79.5 80.0
43.0 74.9 78.9 79.9
43.0 74.0 78.3 79.6
TIME TAIR
TW
77.0
76.8
76.5
76.1
75.7
75.3
75.0
74.6
74.4
74.5
74.9
75.4
76.0
76.6
77.2
77.9
78.6
79.3
79.7
80.0
80.1
80.1
80.1
79.9
74.9
74.3
73.7
73.3
72.9
72.5
72.2
71.9
75.1
77.3
78.9
79.9
80.4
81.4
82.4
83.2
83.9
83.1
82.3
82.0
81.4
80.2
78.8
77.7
75.4
74.8
74.2
73.8
73.4
73.0
72.6
72.3
75.0
76.9
78.4
79.3
79.8
80.8
81.8
82.6
83.4
82.6
81.9
81.6
81.0
80.3
79.2
78.3
76.5
75.9
75.5
75.0
74.6
74.2
73.8
73.5
75.8
77.2
78.3
79.1
79.4
80.4
81.5
82.3
83.1
82.4
81.7
81.5
80.9
80.6
80.0
79.4
77.2
76.8
76.4
76.0
75.6
75.2
74.8
74.5
76.7
77.8
78.6
79.2
79.4
80.4
81.4
82.2
83.0
82.3
81.7
81.5
81.0
80.7
80.5
80. 1
77.4
77.1
76.7
76.3
75.9
75.5
75.2
74.8
77.0
78.0
78.8
79.3
79.5
80.4
81.4
82.2
83.0
82.3
81.7
81.5
81.0
80.8
80.6
80.3
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
I
00,
DAY 3AA-9
AA-10
half the pipe spacing = 6.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
F1 F31 F61 F91 F121
60.5
59.9
59.3
58.7
58.2
57.7
57.2
56.9
61.8
63.7
65.3
66.3
6G.7
68.8
70.2
71.3
72.2
70.4
69.2
69.4
68.7
68.4
67.3
66.1
DAY 2
64.9
63.9
62.9
62.1
61.3
60.5
59.9
59.3
63.4
65.3
66.8
67.7
68.0
70.0
71.3
72.3
73.2
71.3
70.1
70.1
69.4
69.0
67.9
66.6
59.6
58.7
58.0
57.4
56.9
56.5
56. 1
55.7
57.5
59.6
61.3
62.6
63.6
64.7
65.6
66.4
67.2
67.7
68.0
68.3
68.6
67.2
65.3
63.8
62.7
61.7
60.9
60.2
59.5
58.9
58.3
57.8
58.8
60.8
62.5
63.8
64.7
65.7
66.5
67.3
68.0
68.4
68.7
69.0
69.2
67.8
65.8
64.3
59.6
58.9
58. 1
57.5
57.0
56.6
56.1
55.8
57.1
59.0
60.6
61.9
63.0
64.0
65.0
65.9
66.7
67.2
67.5
67.9
68.2
67.2
65.6
64.2
63.1
62.1
61.2
60.5
59.7
59.1
58.5
57.9
58.6
60.4
61.9
63.2
64.1
65.1
66.0
66.8
67.6
68.0
68.3
68.6
68.8
67.8
66.1
64.7
59.8
59.2
58.6
58.0
57.4
56.9
56.5
56.1
56.8
58. 1
59.5
60.8
61.8
63.0
64.0
65.0
65.9
66.4
66.9
67.3
67.6
67.3
66.2
65.1
64.0
63.0
62.1
61.2
60.5
59.7
59.1
58.5
58.7
59.8
61.0
62.2
63.1
64.2
65. 1
66.0
66.8
67.3
67.7
68.1
68.3
67.9
66.8
65.6
60.0
59.6
59.0
58.4
57.9
57.4
56.9
56.4
56.8
57.6
58.7
59.9
61.0
62.2
63.3
64.4
65.3
65.9
66.4
66.9
67.2
67.3
66.7
65.8
64.8
63.8
62.9
62.0
61.2
60.4
59.7
59.0
59.0
59.5
60.4
61.4
62.4
63.5
64.5
65.5
66.3
66.9
67.3
67.7
68.0
68.0
67.4
66.4
slab thickness = 8.0 inches pi
power density = 2.5 watts/sq.ft.
pe radius = .50 inches
. daytime water temperature = 60.0 (F)
MS M35 M65 M95 M125 C9 C39 C69 C99 C129
60.0
59.7,
59.2
58.6
58. 1
57.5
57.0
56.6
56.8
57.4
58.5
59.6
60.7
61.9
63.1
64.1
65.1
65.7
66.3
66.8
67.1
67.3
66.9
66.1
65.2
64.2
63.2
62.3
61.4
60.7
59.9
59.2
59.1
59.4
60.2
61.2
62.2
63.2
64.3
65.3
66.2
66.7
67. 1
67.6
67.9
68.0
67.6
66.7
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
54.1
53.3
52.8
52.5
52.2
51.9
51.6
51.4
58.5
60.2
61.2
62.0
62.7
63.3
63.8
64.4
64.9
65.3
65.6
65.8
66.0
58.9
57.4
56.5
55.8
55.2
54.7
54.3
53.8
53.4
53.1
52.7
59.0
60.9
62.0
62.7
63.4
63.9
64.4
64.9
65.4
65.8
66.1
66.2
66.4
59.3
57.7
56.8
58.6
57.7
57.1
56.6
56. 1
55.6
55.2
54.9
56.6
58.3
59.6
60.8
61.8
62.8
63.7
64.6
65.4
66.1
66.6
67.0
67.2
65.5
64.0
62.9
61.9
61.0
60.2
59.5
58.8
58.1
57.6
57.0
58.0
59.7
60.9
62.0
63.0
63.8
64.7
65.5
66.2
66.8
67.3
67.6
67.9
66.0
64.5
63.4
59.7
59. 1
58.5
57.9
57.4
56.9
56.4
56.0
56.2
57.3
58.5
59.7
60.9
62.0
63.0
64.0
65.0
65.8
66.4
66.9
67.2
66.9
66.1
65.1
64.1
63.2
62.3
61.4
60.6
59.8
59.2
58.5
58.3
59.0
60.1
61.2
62.2
63.2
64.2
65.1
65.9
66.7
67.2
67.6
67.9
67.6
66.7
65.7
59.9
59.4
58.9
58.3
57.8
57.3
56.8
56.3
56.2
57.0
58.1
59.3
60.5
61.7
62.7
63.8
64.8
65.6
66.3
66.8
67.1
67.2
66.6
65.7
64.8
63.8
62.8
62.0
61.1
60.3
59.6
58.9
58.5
58.9
59.8
60.9
61.9
63.0
64.0
64.9
65.8
66.6
67.2
67.6
67.9
67.9
67.3
66.3
59.8
59.0
58.3
57.7
57.2
56.8
56.4
56.0
59.0
61.6
63.6
64.9
65.7
67.0
68.1
69.1
69.9
69.7
69.4
69.4
69.2
67.8
65.8
64.3
63.1
62.2
61.3
60.6
59.9
59.2
58.6
58.1
60.2
62.8
64.7
66.1
66.8
68.0
69. 1
69.9
70.7
70.4
70.1
70.1
69.9
68.3
66.3
64.8
59.8
59.1
58.4
57.8
57.3
56.8
56.4
56.1
58.7
61.1
62.9
64.2
65. 1
66.4
67.6
68.6
69.4
69.2
69.0
69.1
68.9
67.8
66. 1
64.7
63.5
62.5
61.6
60.8
60.1
59.4
58.8
58.3
60.0
62.3
64.2
65.5
66.3
67.5
68.6
69.5
70.3
70.0
69.7
69.7
69.5
68.4
66.6
65.2
60.0
59.4
58.8
58.2
57.7
57.2
56.7
56.4
58.4
60.2
61.9
63.2
64. 1
65.5
66.7
67.7
68.7
68.5
68.3
68.5
68.4
67.9
66.7
65.5
64.3
63.3
62.4
61.5
60.8
60.0
59.4
58.8
60.0
61.7
63.3
64.5
65.4
66.6
67.8
68.7
69.6
69.4
69.2
69.2
69.0
68.5
67.3
66.0
60.2
59.8
59.2
58.6
58. 1
57.6
57.1
56.7
58.3
59.7
61.1
62.4
63.3
64.7
66.0
67.1
68.2
68.1
67.9
68. 1
68.0
67.9
67.2
66.2
65.1
64. 1
63.1
62.2
61.4
60.6
59.9
59.3
60.3
61.5
62.8
63.9
64.7
66.0
67.2
68.2
69.2
69.0
68.8
68.9
68.8
68.6
67.8
66.8
TW
60.2
59.9
59.4
58.8
58. 3
57.7
57.2
56.8
58.4
59.5
60.9
62.1
63.0
64.5
65.8
66.9
68.0
67.9
67.8
68.0
67.9
67.9
67.3
66.4
65.4
64.4
63.4
62.5
61.6
60.9
60.1
59.5
60.4
61.4
62.6
63.7
64.5
65.8
67.0
68.1
69.0
68.9
68.7
68.8
68.7
68.6
68.0
67.1
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
H
AA-10 DAY 3
half the pipe spacing = 6.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature =43. 0 0(F)
TIME TAIR
65.5
64.4
63.4
62.5
61.7
60.9
60.2
59.6
64.4
66.1
67.5
68.3
68.6
70.4
71.8
72.7
73.6
71.6
70.4
70.4
69.7
69.3
68.1
66.9
F1 F31 F61 F91 F121
63.1
62.1
61.3
60.5
59.8
59.2
58.6
58.0
59.6
61.6
63.2
64.3
65.2
66.1
66.9
67.7
68.4
68.7
69.0
69.2
69.4
68.0
66.0
64.5
63.5
62.5
61.6
60.8
60.1
59.4
58.8
58.2
59.4
61.1
62.6
63.7
64.6
65.6
66.4
67.2
67.9
68.3
68.6
68.9
69. 1
68.0
66.3
64.9
64.5
63.5
62.5
61.6
60.8
60.1
59.4
58.8
59.3
60.5
61.7
62.7
63.7
64.7
65.6
66.4
67.2
67.7
68.0
68.4
68.6
68.2
67.1
65.8
65.4
64.3
63.4
62.4
61.6
60.8
60.0
59.3
59.5
60.1
61.1
62. 1
63.0
64.0
65.0
65.9
66.8
67.3
67.6
68.0
68.3
68.3
67.6
66.7
65.7
64.7
63.7
62.7
61.9
61.0
60.3
59.6
59.6
60.0
60.9
61.8
62.7
63.8
64.8
65.7
66.6
67.1
67.5
67.9
68.2
68.3
67.9
67.0
slab thickness = 8.0 inches pipe radius = .50 inches
power density = 2.5 watts/sq.ft.
daytime water temperature = 60.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
56.1
55.5
55.0
54.5
54.0
53.6
53.3
52.9
59.9
61.4
62.4
63.1
63.7
64.2
64.7
65.2
65.6
66.0
66.2
66.4
66.5
59.4
57.8
56.9
62.4
61.4
60.6
59.8
59.1
58.5
57.8
57.3
58.9
60.3
61.5
62.6
63.5
64.3
65.1
65.8
66.6
67.2
67.6
67.9
68.1
66.3
64.7
63.6
64.7
63.7
62.7
61.8
61.0
60.2
59.5
58.8
58.9
59.7
60.7
61.8
62.8
63.7
64.6
65.5
66.4
67. 1
67.6
68.0
68.2
67.9
67.0
65.9
65.3
64.3
63.3
62.4
61.5
60.7
60.0
59.3
59.0
59.5
60.4
61.5
62.5
63.5
64.4
65.4
66.2
67.0
67.5
67.9
68.2
68.2
67.5
66.6
63.6
62.6
61.7
60.9
60.2
59.5
58.9
58.4
61.2
63.7
65.4
66.6
67.3
68.4
69.5
70.3
71.1
70.7
70.4
70.4
70. 1
68.6
66.6
65.0
63.9
62.9
62.0
61.2
60.4
59.7
59.1
58.6
61.0
63.2
64.9
66. 1
66.8
67.9
69.0
69.9
70.6
70.4
70.0
70.0
69.8
68.6
66.8
65.4
64.8
63.8
62.8
61.9
61.1
60.4
59.7
59.1
60.9
62.5
64.0
65.2
65.9
67.1
68.2
69.2
70.0
69.8
69.5
69.5
69.3
68.8
67.5
66.2
65.7
64.6
63.6
62.7
61.8
61.0
60.2
59.6
61.0
62.2
63.5
64.5
65.3
66.5
67.7
68.7
69.6
69.4
69.2
69.2
69.1
68.9
68.1
67.0
66.0
64.9
63.9
62.9
62.1
61.2
60.5
59.8
61.1
62.1
63.3
64.3
65.1
66.3
67.5
68.5
69.4
69.3
69.0
69.2
69.0
68.9
68.3
67.3
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
I0
I
AA-1i
half the pipe spacing = 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR F1 F31 F61 F91 F121
slab thickness = 8.0 inches
power, density = 2.5 watts/sq
daytime water temperature =
M5 M35 M65 M95 M125
pipe radius = .50 inches
ft.
60.0 (F)
C9 C39 C69 C99 C129
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
60.7
60.7
60.8
60.9
60.9
61.0
61.0
61.2
66.4
68.1
69.6
70.5
70.8
72.9
74.3
75.5
76.5
74.8
73.8
74.1
73.6
73.7
73.4
72.9
DAY 2
72.5
72.1
71.7
71.4
71.1
70.8
70.5
70.4
74.6
76.3
77.6
78.2
78.3
80.1
81.3
82.3
83.1
81.2
80.0
80.1
79.4
79.3
78.8
78.1
60.4
60.7
60.8
60.9
61.0
61.1
61.1
61.2
63.1
65.4
67.2
68.7
69.9
71.1
72.2
73.1
74.0
74.6
75.0
75.5
75.9
74.9
73.4
72.2
71.3
70.7
70.2
69.7
69.4
69.1
68.8
68.6
69.7
71.7
73.5
74.8
75.9
76.9
77.8
78.6
79.3
79.7
80.0
80.3
80.5
79.4
77.7
76.4
60.2
60.3
60.4
60.5
60.6
60.6
60.7
60.7
62.0
63.8
65.4
66.8
68.0
69.2
70.3
71.3
72.3
72.9
73.4
73.9
74.4
74. 1
73.1
72.2
71.5
70.9
70.4
70.0
69.6
69.3
69.1
68.8
69.4
70.9
72.3
73.6
74.5
75.5
76.4
77.3
78.0
78.5
78.8
79.2
79.4
79.0
77.8
76.8
60.1
60.1
60.2
60.2
60.3
60.3
60.4
60.4
61.2
62.2
63.3
64.5
65.5
66.7
67.8
68.9
69.9
70.6
71.2
71.8
72.3
72.7
72.6
72.2
71.9
71.5
71. 1
70.8
70.5
70.2
69.9
69.7
69.9
70.6
71.4
72.3
73.1
74.0
74.9
75.7
76.5
77.0
77.4
77.9
78.2
78.3
78.0
77.5
60.1
60.1
60.1
60.2
60.2
60.3
60.3
60.4
61.0
61.6
62.4
63.2
64.1
65.2
66.2
67.3
68.4
69.1
69.8
70.5
71.1
71.6
71.9
72.0
72.0
71.9
71.7
71.5
71.2
70.9
70.7
70.4
70.6
70.9
71.3
71.9
72.4
73.2
74.0
74.8
75.7
76.2
76.6
77.1
77.4
77.7
77.9
77.8
60.1
60.1
60.1
60.2
60.2
60.3
60.3
60.4
61.0
61.5
62.1
62.8
63.6
64.7
65.7
66.8
67.9
68.6
69.3
70.0
70.6
71.2
71.6
71.9
72.0
72.0
71.9
71.7
71.4
71.2
70.9
70.7
70.9
71.1
71.4
71.8
72.3
73.0
73.8
74.6
75.4
75.9
76.3
76.8
77.2
77.5
77.8
77.8
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
59.1
59.1
59.1
59.2
59.2
59.3
59.3
59.4
62.2
64.3
65.9
67.2
68.3
69.2
70.2
71.0
71.9
72.6
73.2
73.6
74.0
71.6
70.2
69.3
68.6
68.1
67.7
67.4
67.1
66.8
66.6
66.4
68.3
70.4
71.9
73.0
73.9
74.7
75.5
76.2
76.9
77.4
77.8
78.1
78.4
75.9
74.3
73.2
59.9
59.9
60.0
60.0
60.1
60.1
60.2
60.2
60.7
61.8
63.1
64.3
65.5
66.5
67.6
68.6
69.6
70.6
71.3
71.9
72.4
72.5
72.2
71.8
71.4
71.0
70.7
70.4
70. 1
69.8
69.5
69.3
69.3
70.0
71.0
72.0
72.9
73.7
74.5
75.3
76.1
76.9
77.4
77.8
78.1
78.0
77.5
76.9
60.0
60.0
60.1
60. 1
60.2
60.2
60.2
60.3
60.5
61.1
61.9
62.9
63.9
64.9
65.9
67.0
68.1
69. I
69.9
70.6
71.2
71.6
71.9
72.0
71.9
71.8
71.6
71.4
71.1
70.9
70.6
70.3
70.2
70.3
70.8
71.5
72.2
72.9
73.7
74.5
75.3
76.1
76.7
77.1
77.5
77.8
77.9
60.0
60.1
60.1
60. 1
60.2
60.2
60.3
60.3
60.5
60.9
61.6
62.5
63.4
64.3
65.4
66.4
67.5
68.5
69.4
70.1
70.7
71.2
71.7
71.9
72.0
72.0
71.8
71.6
71.4
71.2
70.9
70.7
70.5
70.5
70.9
71.4
72.0
72.7
73.4
74.2
75.0
75.8
76.4
76.9
77.3
77.6
77.8
60.6
60.9
61.0
61.1
61.2
61.2
61.3
61.4
64.5
67.2
69.3
70.8
71.8
73.2
74.4
75.5
76.4
76.3
76.2
76.4
76.3
75.2
73.7
72.5
71.7
71.0
70.5
70.1
69.7
69.4
69.2
69.0
71.1
73.7
75.7
77.1
77.9
79.1
80.2
81.1
81.8
81.5
81.2
81.3
81.1
79.8
78.1
76.8 77.2 77.9 78.2 78.2 43.0
60.4
60.5
60.6
60.7
60.8
60.8
60.9
61.0
63.5
65.7
67.6
69.1
70.1
71.5
72.7
73.8
74.8
74.8
74.7
74.9
74.9
74.5
73.4
72.5
71.8
71.2
70.7
70.3
70.0
69.7
69.4
69.2
70.8
72.9
74.6
75.9
76.7
77.9
79.0
79.9
80.7
80.4
80.1
80.2
80.0
79.4
78.2
60.3
60.3
60A
60.5
60.5
60.6
60.6
60.7
62.7
64.3
65.7
66.9
67.8
69.2
70.5
71.6
72.7
72.7
72.7
73.0
73.1
73.2
73.0
72.6
72.2
71.8
71.4
71.1
70.8
70.5
70.2
69.9
71.3
72.6
73.8
74.7
75.4
76.5
77.6
78.5
79.3
79.1
78.9
79.0
78.9
78.9
78.4
60.3
60.3
60.4
60.4
60.5
60.5
60.6
60.6
62.6
63.7
64.8
65.8
66.5
67.8
69.1
70.3
71.4
71.4
71.5
71.8
72.0
72.3
72.5
72.5
72.3
72.1
71.9
71.7
71.4
71.1
70.8
70.6
71.9
72.8
73.6
74.3
74.8
75.8
76.8
77.7
78.6
78.4
78.2
78.4
78.3
78.4
78.4
60.3
60.3
60.4
60.4
60.5
60.5
60.5
60.6
62.5
63.6
64.6
65.5
66.1
67.4
68.6
69.8
70.9
71.0
71.0
71.4
71.6
71.9
72.2
72.3
72.3
72.2
72.1
71.9
71.6
71.3
71.1
70.9
72.1
73.0
73.7
74.2
74.6
75.6
76.5
77.4
78.3
78.1
78.0
78.1
78.1
78.2
78.3
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
H'
LA3
H'
77.7 77.9
half the pipe spacing = 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature =43.0 (F)
TIME TAIR F1 F31 F61 F91 F121
49.0
50.0
51 .0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
77.5
77.0
76.5
76.0
75.5
75.1
74.7
74.4
79.2
80.5
81.6
82.0
82.0
83.6
84.8
85.6
86.3
84.3
83.0
83.0
82.2
82.0
81.4
80.7
75.4
74.6
74.0
73.4
72.9
72.5
72.1
71.8
73.4
75.3
76.8
78.0
78.9
79.8
80.5
81.2
81.9
82.2
82.4
82.6
82.7
81.5
79.8
78.4
75.9
75.2
74.5
74.0
73.5
73. 1
72.7
72.3
73.2
74.6
75.9
77.0
77.8
78.7
79.5
80.2
80.9
81.2
81.4
81.7
81.9
81.3
80.1
77.0
76.4
75.9
75.4
75.0
74.5
74.1
73.7
74.0
74.6
75.4
76.1
76.8
77.6
78.3
79.1
79.8
80.1
80.4
80.8
81.0
81.0
80.7
77.6
77.3
76.9
76.5
76.1
75.7
75.3
74.9
75.0
75.2
75.5
76.0
76.4
77.1
77.8
78.5
79.2
79.6
79.9
80.3
80.5
80.7
80.8
77.8
77.5
77.2
76.9
76.5
76.1
75.7
75.3
75.4
75.5
75.7
76.0
76.4
76.9
77.6
78.3
79.0
79.4
79.7
80.1
80.4
80.6
80.8
79.0 80.1 80.6 80.7
slab thickness = 8.0 inches
power density = 2.5 watts/sq.ft
daytime water temperature = 60.0
M5 M35 M65 M95 M125
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
72.5
71.8
71.3
70.9
70.5
70.1
69.7
69.4
71.9
73.7
75.0
76.0
76.8
77.5
78. 1
78.7
79.3
79.8
80.1
80.4
80.5
77.9
76.3
76.4
75.9
75.4
74.9
74.5
74.0
73.6
73.2
73.3
74.0
74.9
75.7
76.5
77.2
77.9
78.6
79.3
79.9
80.4
80.7
80.9
80.7
80.1
77.5
77.2
76.8
76.4
76.0
75.6
75.2
74.8
74.5
74.6
75.1
75.6
76.2
76.8
77.4
78.1
78.8
79.5
80.0
80.3
80.6
80.8
80.8
77.8
77.5
77.2
76.9
76.5
76.1
75.7
75.2
74.9
75.0
75.2
75.6
76. 1
76.6
77.3
78.0
78.7
79.3
79.8
80.2
80.5
80.7
80.8
43.0 75.2 79.5 80.6 80.8
pipe radius = .50 inches
(F)
C9 C39 C69 C99 C129
75.8 76.3 77.3 77.9 78.0
75.0 75.6 76.7 77.5 77.7
74.4 74.9 76.2 77.1 77.4
73.9 74.4 75.7 76.7 77.0
73.4 73.9 75.2 76.2 76.6
73.0 73.5 74.8 75.8 76.2
72.6 73.1 74.4 75.4 75.7
72.3 72.7 74.0 75.0 75.4
75.1 74.9 75.6 76.5 76.8
77.4 76.7 76.7 77.2 77.4
79.2 78.3 77.8 77.9 78.0
80.3 79.4 78.6 78.4 78.4
81.0 80.0 79.1 78.7 78.7
82.0 81.0 80.0 79.6 79.5
83.0 82.0 81.0 80.5 80.4
83.8 82.8 81.8 81.3 81.1
84.5 83.5 82.6 82.0 81.9
84.1 83.2 82.3 81.8 81.6
83.7 82.8 81.9 81.5 81.3
83.6 82.8 82.0 81.5 81.4
83.4 82.5 81.8 81.4 81.2
82.0 81.9 81.6 81.4 81.3
80.3 80.6 81.1 81.2 81.2
78.9 79.4 80.4 80.9 81.1
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
H
Co
N.,
AA-1 I DAY 3
AA-12
half the pipe spacing = 6.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR Fi F31 F61 F91 F121
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
60..6
60.0
59.4
58. B
58.3
57.8
57.3
57.1
63.0
65.1
66.9
67.8
68.1
70.4
72.0
73.2
74.2
71.8
70.4
70.4
69.5
69.1
68.0
66.7
DAY 2
65.6
64..5
63.5
62.6
61.8
61.0
60.3
59.8
64.7
66.9
68.6
69.5
69.6
71.8
73.3
74.3
75.3
72.9
71.3
71.3
70.3
69.9
68.7
67.4
59.6
58.8
58.0
57.4
56.9
56.5
56.1
55.7
57.6
59.9
61.6
63.0
64.0
65.1
66.1
67.0
67.8
68.3
68.6
68.9
6(. 1
67.7
65.8
64.3
63. 1
62.2
61.3
60.5
59.8
59.2
58.6
58.1
59.1
61.3
63.0
64.3
65.3
66.3
67.2
68.0
68.8
69.1
69.4
69.6
69.8
68.4
66.4
64.9
59.6
58.9
58.2
57.6
57.1
56.6
56.2
55.8
57.3
59.3
61.0
62.3
63.4
64.5
65.5
66.5
67.4
67.8
68.2
68.5
68.7
67.8
66.1
64.7
63.5
62.5
61.6
60.9
60.1
59.4
58.8
58.3
59.0
60.8
62.4
63.7
64.7
65.7
66.7
67.6
68.3
68.7
69.0
69.3
69.5
68.4
66.7
65.3
59.8
59.2
58.6
58.0
57.5
57.0
56.5
56.1
57.0
58.4
59.8
61.1
62.3
63.5
64.6
65.6
66.6
67. 1
67.5
68.0
68.2
67.9
66.8
65.6
64.5
63.5
62.5
61.7
60.9
60.1
59.5
58.8
59.1
60.3
61.6
62.7
63.7
64.8
65.9
66.8
67.7
68.1
'68.5
68.8
69.0
68.6
67.5
66.2
60.0
59.6
59.0
58.5
57.9
57.4
56.9
56.5
57.0
57.8
59. 1
60.3
61.4
62.7
63.9
65.0
66.0
66.6
67.1
67.6
67.9
67.9
67.3
66.4
65.4
64.4
63.4
62.5
61.6
60.8
60.1
59.4
59.4
60.0
61.0
62.1
63.0
64.2
65.3
66.3
67.2
67.7
68.1
68.5
68.7
68.7
68.1
67.1
60.0
59.7
59.2
58.6
58.1
57.6
57.1
56.6
57.0
57.7
58.8
60.0
61.1
62.4
63.7
64.8
65.8
66.5
67.0
67.5
67.8
67.9
67.5
66.7
65.7
64.7
63.7
62.8
61.9
61.1
60.3
59.6
59.6
60.0
60.8
61.8
62.8
64.0
65. 1
66.1
67.0
67.6
68.0
68.4
68.7
68.8
68.3
67.4
slab thickness = 8.0 inches pipe radius = .50 inches
power density = 3.0 watts/sq.ft.
daytime water temperature = 60.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
54. I
53.3
52.8
52.5
52.2
51.9
51.7
51.4
58.5
60.2
61.3
62.2
62.9
63.5
64. 1
64.7
65.3
65.7
66.0
66.2
66.4
59.2
57.7
56.8
56.1
55.5
55.0
54.5
54. 1
53.7
53.3
52.9
59.1
61.2
62.2
63.0
63.7
64.3
64.8
65.4
65.9
66.3
66.5
66.7
66.8
59.6
58.1
57.1
58.6
57.7
57. 1
56.6
56. 1
55.7
55.3
54.9
56.7
58.4
59.8
61.1
62.2
63.2
64.1
65.1
65.9
66.7
67.2
67.6
67.8
66.0
64.5
63.4
62.4
61.5
60.6
59.9
59.2
58.5
57.9
57.3
58.3
60.0
61.3
62.5
63.5
64.4
65.3
66.1
66.9
67.6
68.0
68.3
68.5
66.7
65. 1
63.9
59.7
59.1
58.5
58.0
57.4
56.9
56.5
56.0
56.3
57.4
58.7
60.0
61.3
62.4
63.5
64.6
65.6
66.5
67.1
67.5
67.9
67.6
66.7
65.7
64.7
63.7
62.7
61.8
61.0
60.2
59.5
58.9
58.7
59.4
60.5
61.7
62.8
63.8
64.8
65.8
66.7
67.5
68.1
68.4
68.7
68.3
67.4
66.3
59.9
59.4
58.9
58.3
57.8
57.3
56.8
56.4
56.3
57.1
58.3
59.7
60.9
62. I
63.3
64.4
65.4
66.4
67.0
67.5
67.8
67.8
67.2
66.3
65.3
64.3
63.3
62.4
61.6
60.8
60.0
59.3
58.9
59.3
60.3
61.4
62.6
63.6
64.7
65.7
66.6
67.4
68.0
68.4
68.7
68.6
68.0
67.0
59.8
59.0
58.4
57.8
57.3
56.8
56.4
56. 1
59.5
62.3
64.3
65.7
66.6
68.0
69.2
70.2
71.1
70.7
70.3
70.2
69.9
68.4
66.4
64.9
63.7
62.6
61.8
61.0
60.3
59.6
59.0
58.5
60.8
63.6
65.7
67.1
67.8
69.2
70.3
71.2
72.0
71.6
71.1
71.0
70.6
69.0
67.0
65.4
59.9
59.1
58.5
57.9
57.4
56.9
56.5
56.2
59.2
61.7
63.7
65. 1
66.0
67.4
68.6
69.7
70.6
70.3
69.9
69.9
69.6
68.4
66.7
65.2
64.0
63.0
62.1
61.3
60.5
59.8
59.2
58.7
60.7
63.2
65.2
66.5
67.3
68.6
69.8
70.8
71.6
71.2
70.7
70.7
70.3
69.1
67.3
65.8
60.1
59.5
58..9
58.3
57.8
57.3
56.8
56.5
58.8
60.9
62.7
64.0
65.0
66.4
67.8
68.9
69.9
69.6
69.3
69.4
69.1
68.6
67.3
66.1
64.9
63.9
62.9
62.0
61.2
60.5
59.8
59.2
60.7
62.6
64.3
65.6
66.4
67.8
69.0
70. I
71.0
70.6
70.2
70.2
69.9
69.3
68.0
66.7
60.2
59.8
59.3
58.7
58.2
57.7
57.2
56.8
58.8
60.4
62.0
63.2
64.2
65.8
67. 1
68.3
69.4
69.2
68.9
69.0
68.8
68.6
67.9
66.8
65.7
64.7
63.7
62.7
61.9
61.1
60.3
59.7
61.0
62.4
63.8
65.0
65.8
67.2
68.5
69.6
70.6
70.3
69.9
70.0
69.7
69.4
68.6
67.5
60.2
59.9
59.4
58.9
58. 3
57.8
57.3
56.9
58.8
60.2
61.7
63.0
63.9
65.5
66.9
68. I
69.3
69.1
68.8
68.9
68.7
68.6
68.1
67.1
66.0
65.0
64.0
63.0
62. 1
61.3
60.6
59.9
61.2
62.3
63.6
64.8
65.6
67.0
68.3
69.4
70.4
70.2
69.8
69.9
69.6
69.4
68.8
67.8
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
LO
W
I
AA-12 DAY 3
half the pipe spacing = 6.0 inches
location of pipe = 5 (2 - 8) 0
nighttime water temperature =43.0 (F)
slab thickness = 8.0 inches pipe radius = .50 inches
power density = 3.0 watts/sq.ft.
daytime water temperature = 60.0 (F)
F1 F31 F61 F91 F121 M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
66.2
65.1
64.0
63.1
62.2
61.5
60.7
60.2
65.9
67.7
69.3
70.1
70.2
72.3
73.8
74.8
75.7
73.3
71.7
71.6
70.6
70.2
69.0
63.6
62.6
61.7
60.9
60.2
59.5
58.9
58.4
60.1
62.1
63.7
64.9
65.8
66.7
67.6
68.4
69.1
69.5
69.7
69.9
70.1
68.6
66.6
64.0
63.0
62.1
61.3
60.5
59.8
59.2
58.6
59.9
61.6
63.1
64.3
65.2
66.2
67.1
68.0
68.7
69.1
69.3
69.6
69.7
68.7
67.0
65.1
64.0
63.0
62. 1
61.3
60.5
59.8
59.2
59.8
61.0
62.3
63.4
64.3
65.4
66.4
67.3
68. 1
68.5
68.8
69.1
69.3
68.9
67.7
66.0
64.9
63.9
63.0
62.1
61.2
60.5
59.8
60.0
60.7
61.7
62.7
63.7
64.8
65.8
66.8
67.7
68.1
68.5
68.9
69.1
69.0
68.4
66.4
65.3
64.3
63.3
62.4
61.5
60.7
60.0
60.1
60.6
61.5
62.5
63.5
64.5
65.6
66.6
67.5
68.0
68.4
68.8
69.0
69.1
68.6
72.0 67.6 65.1 65.5 66.5 67.4 67.7
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
56.4
55.8
55.3
54.8
54.3
53.9
53.5
53.1
60.1
61.7
62.7
63.4
64.0
64.6
65.1
65.6
66.1
66.5
66.7
66.9
67.0
59.8
58.2
62.9
61.9
61.1
60.3
59.5
58.8
58.2
57.6
59.2
60.7
62.0
63. 1
64.0
64.9
65.7
66.5
67.3
67.9
68.3
68.6
68.8
66.9
65.3
43.0 57.3 64.1
TIME TAIR
TW
65.3
64.2
63.3
62.3
61.5
60.7
59.9
59.2
59.3
60. 1
61.2
62.4
63.4
64.4
65.4
66.3
67.2
67.9
68.4
68.8
69.0
68.6
67.7
66.0
64.9
63.9
62.9
62.0
61.2
60.4
59.7
59.4
60.0
61.0
62.1
63.2
64.2
65.2
66.2
67.1
67.9
68.4
68.8
69.0
69.0
68.3
64.2 64.5
63.1 63.5
62.2 62.5
61.4 61.7
60.6 60.9
60.0 60.2
59.3 59.5
58.8 59.0
62.0 61.8
64.6 64.1
66.5 65.9
67.7 67.1
68.4 67.9
69.6 69.1
70.7 70.2
71.6 71.2
72.4 72.0
71.9 71.6
71.4 71.1
71.3 71.0
70.9 70.6
69.3 69.4
67.2 67.6
65.6 66.0
65.5
64.4
63.4
62.5
61.6
60.9
60.1
59.5
61.7
63.5
65.1
66.3
67.0
68.3
69.5
70.5
71.4
71.0
70.6
70.6
70.2
69.6
68.3
66.9
66.4
65.3
64.2
63.2
62.3
61.5
60.7
60.1
61.8
63.2
64.6
65.7
66.4
67.7
69.0
70.1
71.0
70.7
70.3
70.3
70.0
69.7
68.9
67.8
66.7
65.6
64.5
63.5
62.6
61.8
61.0
60.3
62.0
63.1
64.4
65.5
66.2
67.6
68.8
69.9
70.9
70.6
70.2
70.2
70.0
69.8
69.1
68.1
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.066.6 67.3
I
AA- 13
half the pipe spacing = 6.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
F1 F31 F61 F91 F121
60.6
60.2
59.8
59.4
59.0
58.6
58.3
58. 1
62.9
64.2
65.2
65.6
65.5
67.2
68.3
69.0
69.7
67.6
66.2
66.2
65.3
65.1
64.5
63.8
DAY 2
63.2
62.6
62.0
61.5
61.0
60.5
60.1
59.7
63.9
65.3
66.3
66.7
66.6
68.2
69.2
69.9
70.5
68.4
67.0
66.9
66.0
65.7
65.1
64.4
59.8
59.2
58 .7
58.2
57.8
57.5
57.2
56.9
57.9
59.0
60.0
60.7
61.3
62.0
62.7
63.3
63.9
64.1
64.3
64.5
64.6
64.0
63.0
62.2
61.6
61.0
60.5
60.0
59.6
59.1
58.7
58.4
58.9
60.0
61.0
61.7
62.3
62.9
63.5
64.1
64.6
64.8
64.9
65.1
65.2
64.6
63.6
62.7
59.8
59.3
58.8
58.4
58.0
57.6
57.3
57.0
57.8
58.8
59.7
60.5
61.1
61.8
62.5
63. 1
63.7
63.9
64.1
64.3
64.4
64.0
63.2
62.5
61.8
61.2
60.7
60.2
59.8
59.3
58.9
58.5
58.9
59.9
60.7
61.5
62.0
62.7
63.3
63.9
64.4
64.7
64.8
65.0
65.1
64.6
63.8
63.0
59.9
59.6
59.1
58.7
58.3
58.0
57.6
57.3
57.8
58.5
59.3
60.0
60.6
61.4
62.1
62.7
63.3
63.6
63.9
64.1
64.2
64. 1
63.6
63.0
62.4
61.8
61.3
60.8
60.3
59.8
59.4
59.0
59.2
59.7
60.4
61.1
61.6
62.3
63.0
63.6
64.2
64.4
64.6
64.8
64.9
64.7
64.2
63.6
60.0
59.8
59.5
59.1
58.7
58.3
58.0
57.6
57.9
58.4
59.0
59.7
60.3
61.0
61.8
62.5
63.1
63.5
63.7
64.0
64.1
64.2
63.9
63.4
62.9
62.3
61.8
61.3
60.7
60.3
59.8
59.4
59.4
59.8
60.3
60.9
61.4
62.1
62.7
63.4
64.0
64.3
64.5
64.7
64.8
64.8
64.5
64.0 64.2
slab thickness = 8.0 inches pipe radius = .38 inches
power density ' 2.5 watts/sq.ft.
daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
60.1
59.9
59.6
59.2
58.8
58.4
58.1
57.7
58.0
58.4
58.9
59.6
60.2
60.9
61.7
62.4
63.1
63.4
63.7
63.9
64.1
64.2
64.0
63.6
63.1
62.5
62.0
61.4
60.9
60.4
60.0
59.5
59.6
59.8
60.2
60.8
61.3
62.0
62.7
63.3
63.9
64.2
64.4
64.7
64.8
64.9
64.6
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
56.8
56.0
55.6
55.3
55.0
54.8
54.5
54.3
57.3
58.5
59.3
59.9
60.4
60.9
61.4
61.9
62.3
62.7
63.0
63.1
63.2
60.1
59.0
58.4
57.9
57.5
57.1
56.7
56.4
56.0
55.7
55.4
57.9
59.2
60.0
60.6
61.2
61.6
62.1
62.5
62.9
63.3
63.5
63.6
63.7
60.6
59.5
58.8
59.3
58.7
58.2
57.8
57.5
57. 1
56.8
56.5
57.2
58.1
58.9
59.7
60.4
61.0
61.6
62.3
62.9
63.4
63.7
63.9
64. 1
63.3
62.5
61.8
61.3
60.7
60.2
59.7
59.3
58.9
58.5
58. 1
58.4
59.2
60.0
60.7
61.3
61.9
62.5
63.1
63.6
64.1
64.4
64.6
64.7
63.9
63.1
62.4
59.8
59.5
59. 1
58.8
58.4
58.0
57.7
57.3
57.4
57.9
58.6
59.4
60. 1
60.8
61.4
62.1
62.8
63.3
63.7
64.0
64.2
64.0
63.6
63.1
62.5
62.0
61.4
60.9
60.4
59.9
59.5
59.1
58.8
59.2
59.8
60.5
61.1
61.8
62.4
63.0
63.6
64.1
64.5
64.7
64.8
64.7
64.2
63.7
59.9
59.7
59.4
59.0
58.6
58.3
57.9
57.6
57.5
57.8
58.5
59.2
60.0
60.7
61.4
62.1
62.7
63.3
63.7
64.0
64.2
64.2
63.9
63.4
62.9
62.3
61.8
61.2
60.7
60.2
59.8
59.3
59.0
59.2
59.7
60.4
61.1
61.7
62.3
63.0
63.6
64.1
64.5
64.7
64.9
64.8
64.5
64.0
60.0
59.4
58.9
58.5
58.1
57.8
57.5
57.2
59.4
61.1
62.3
63.1
63.5
64.5
65.3
66.0
66.6
66.2
65.7
65.6
65.3
64.5
63.5
62.7
62.0
61.4
60.8
60.3
59.9
59.5
59.1
58.7
60.3
62.0
63.3
64.1
64.5
65.4
66.1
66.8
67.4
66.9
66.4
66.3
65.9
65.1
64.1
63.2
60.0
59.5
59.1
58.6
58.3
57.9
57.6
57.3
59.4
60.9
62.1
62.8
63.3
64.2
65. 1
65.8
66.4
66.0
65.6
65.5
65.2
64.6
63.7
62.9
62.2
61.6
61.0
60.5
60.1
59.6
59.2
58.9
60.3
61.9
63.0
63.8
64.2
65.2
65.9
66.6
67.2
66.7
66.3
66.2
65.8
65.2
64.2
63.4
60. 1
59.8
59.4
59.0
58.6
58.2
57.9
57.6
59.4
60.6
61.7
62.4
62.9
63.8
64.7
65.5
66.1
65.8
65.3
65.3
65.0
64.7
64.0
63.4
62.7
62.1
61.6
61.0
60.5
60.1
59.6
59.3
60.5
61.7
62.8
63.5
63.9
64.8
65.6
66.3
67.0
66.5
66.1
66.0
65.7
65.3
64.6
63.9
60.2
60.0
59.7
59.3
58.9
58.5
58.2
57.9
59.5
60.5
61.4
62.1
62.6
63.6
64.5
65.2
65.9
65.6
65.2
65.2
64.9
64.7
64.3
63.8
63.2
62.6
62.0
61.5
61.0
60.5
60.0
59.6
60.8
61.7
62.6
63.3
63.7
64.6
65.4
66.1
66.8
66.4
66.0
65.9
65.6
65.4
65.0
64.4
TW
60.3
60.1
59.8
59.4
59.0
58.6
58.3
58.0
59.5
60.5
61.3
62.0
62.5
63.5
64.4
65.2
65.9
65.5
65.2
65. 1
64.9
64.7
64.4
63.9
63.4
62.8
62.2
61.7
61.1
60.6
60.2
59.8
60.9
61.8
62.6
63.2
63.6
64.5
65.3
66.1
66.7
66.4
66.0
65.9
65.6
65.4
65.1
64.5
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
L-nIl
AA-13 DAY 3
half the pipe spacing = 6.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR F1 F31 F61 F91
63.7
63.1
62.5
61.9
61.4
60.9
60.4
60.1
64.8
66.0
67.0
67.3
67.1
68.6
69.6
70.3
70.9
68.8
67.4
67.2
66.3
66.0
65.4
64.7
62.1
61.5
60.9
60.4
59.9
59.5
59.1
58.7
59.6
60.6
61.5
62.2
62.7
63.3
63.9
64.5
65.0-
65.2
65.3
65.4
65.5
64.8
63.8
63.0
62.3
61.7
61.2
60.7
60.2
59.7
59.3
58.9
59.6
60.5
61.3
62.0
62.5
63.1
63.7
64.3
64.8
65.0
65.1
65.3
65.4
64.9
64.0
63.2
62.9
62.3
61.8
61.2
60.7
60.2
59.8
59.3
59.7
60.3
61.0
61.6
62.2
62.8
63.4
64.0
64.6
64.8
65.0
65.2
65.2
65.0
64.5
63.8
63.5
62.9
62.3
61.7
61.2
60.7
60.2
59.8
60.0
60.3
60.8
61.4
61.9
62.6
63.2
63.8
64.4
64.7
64.9
65.1
65.2
65.2
64.8
64.3
F 121,
63.7
63. 1
62.5
61.9
61.4
60.9
60.4
59.9
60.1
60.3
60.8
61.3
61.8
62.5
63.2
63.8
64.4
64.6
64.8
65.1
65.1
65.2
65.0
64.5
slab thickness = 8.0 inches
power density 2.5 watts/sq.ft.
pipe radius = .38 inches
daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
58.3
57.8
57.4
57.0
56.7
56.3
56.0
55.7
58.7
59.7
60.5
61.0
61.5
61.9
62.4
62.8
63.2
63.5
63.7
63.8
63.9
60.8
59.7
59.0
61.8
61.2
60.7
60.2
59.7
59.2
58.8
58.4
59.0
59.8
60.5
61.2
61.8
62.4
62.9
63.5
64.0
64.4
64.7
64.9
65.0
64.2
63.3
62.6
63. 1
62.5
61.9
61.4
60.9
60.4
59.9
59.4
59.3
59.8
60.4
61.0
61.7
62.3
62.8
63.5
64.0
64.5
64.9
65.1
65.2
65.0
64.5
64.0
63.5
62.9
62.3
61.7
61.2
60.7
60.2
59.7
59.5
59.8
60.3
61.0
61.6
62.2
62.8
63.4
64.0
64.5
64.9
65.1
65.2
65.2
64.8
64.3
62.5
61.8
61.3
60.8
60.3
59.8
59.4
59.0
61.2
62.7
63.9
64.6
65.0
65.7
66.5
67.2
67.7
67.2
66.7
66.6
66.2
65.4
64.3
63.4
62.7
62. 1
61.5
61.0
60.5
60.0
59.6
59.2
61.2
62.6
63.7
64.4
64.7
65.6
66.3
67.0
67.6
67.1
66.6
66.5
66.1
65.5
64.5
63.7
63.3
62.6
62.0
61.5
61.0
60.5
60.0
59.6
61.3
62.4
63.4
64.0
64.4
65.2
66.1
66.7
67.4
66.9
66.4
66.3
66.0
65.6
64.9
64.2
63.8
63. 1
62.5
62.0
61.4
60.9
60.4
60.0
61.5
62.4
63.2
63.8
64.2
65.0
65.9
66.6
67.2
66.8
66.4
66.3
65.9
65.7
65.3
64.7
63.9
63.3
62.7
62.1
61.6
61.1
60.6
60. 1
61.6
62.4
63.2
63.8
64.1
65.0
65.8
66.5
67.2
66.8
66.3
66.3
65.9
65.7
65.4
64.8
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
LaN
AA- 14
half the pipe spacing = 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness = 8.0 inches pipe radius = .38 inches
power density 2.5 watts/sq.ft.
daytime water temperature = 55.0 (F)
F1 F31 F61 F91 F121
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10-.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
60.6
60.4
60.3
60.1
59.9
59.8
59.6
59.6
64.6
65.9
66.9
67.3
67.2
68.8
69.9
70.6
71.3
69.3
67.9
67.9
67.1
66.9
66.6
66.1
DAY 2
65.7
65.3
65.0
64.7
64.3
64.0
63.8
63.6
67.8
69.3
70.3
70.6
70.4
71.9
72.8
73.5
74.1
71.9
70.6
70.4
69.5
69.3
68.8
68.3
60.0
59.6
59.3
59.0
58.8
58.6
58.5
58.3
59.6
61.0
62.1
63.0
63.7
64.5
65.2
65.8
66.4
66.6
66.8
67.0
67.1
66.4
65.4
64.5
63.9
63.4
62.9
62.6
62.3
62.0
61.7
61.5
62.2
63.6
64.7
65.6
66.2
66.9
67.5
68.1
68.6
68.8
68.9
69.0
69.0
68.3
67.2
66.3
60.0
59.7
59.4
59. 1
58.9
58.7
58.6
58.5
59.3
60.4
61.4
62.3
63.0
63.7
64.4
65.1
65.7
66.0
66.2
66.4
66.5
66.3
65.6
64.9
64.3
63.8
63.4
63.1
62.7
62.4
62.2
61.9
62.4
63.3
64.3
65.1
65.7
66.4
67.0
67.6
68.1
68.3
68.5
68.6
68.7
68.3
67.6
66.8
60.0
59.9
59.7
59.6
59.4
59.2
59.1
58.9
59.5
60.1
60.8
61.5
62.1
62.8
63.5
64.2
64.9
65.2
65.5
65.8
66.0
66.0
65.8
65.5
65. 1
64.8
64.4
64.1
63.8
63.5
63.2
63.0
63.2
63.6
64.2
64.8
65.3
65.9
66.5
67.1
67.7
67.9
68.1
68.3
68.4
68.4
68. 1
67.7
M5 M35 M65 M95 M125
60.1
60.1
60.0
59.9
59.8
59.6
59.5
59.4
59.8
60.2
60.6
61.1
61.6
62.3
63.0
63.7
64.4
64.7
65.0
65.4
65.6
65.8
65.9
65.8
65.7
65.4
65.2
64.9
64.6
64.3
64.0
63.8
63.9
64.2
64.5
64.8
65.2
65.7
66.3
66.9
67.5
67.7
67.9
68.2
68.3
68.4
68.4
68.3
60.1
60.1
60.1
60.0
59.9
59.8
59.6
59.5
59.9
60.2
60.6
61.1
61.5
62.2
62.8
63.5
64.2
64.6
64.9
65.3
65.5
65.7
65.8
65.9
65.8
65.6
65.4
65.2
64.9
64.6
64.3
64. 1
64.2
64.4
64.6
64.9
65.2
65.7
66.3
66.8
67.4
67.7
67.9
68.1
68.3
68.4
68.4
68.4
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
58.6
58.1
57.8
57.6
57.4
57.2
57.1
57.0
58.7
60.1
61.0
61.9
62.6
63.2
63.7
64.3
64.8
65.3
65.6
65.8
65.9
64.3
63.2
62.5
62.0
61.6
61.3
61.0
60.7
60.5
60.2
60.0
61.2
62.6
63.5
64.3
64.9
65.5
66.0
66.5
66.9
67.3
67.6
67.7
67.8
66.0
64.9
64.2
59.9
59.7
59.5
59.3
59.1
59.0
58.8
58.7
58.9
59.6
60.4
61.1
61.9
62.5
63.2
63.9
64.5
65.1
65.5
65.8
66.0
65.9
65.5
65.1
64.8
64.4
64.1
63.8
63.5
63.2
62.9
62.6
62.6
63.0
63.7
64.4
65.0
65.6
66.1
66.7
67.3
67.7
68. 1
68.3
68.4
68.2
67.8
67.3
C9 C39 C69 C99 C129
60.0
60.0
59.9
59.8
59.7
59.6
59.4
59.3
59.3
59.6
60.2
60.8
61.4
62.0
62.7
63.4
64.1
64.7
65.1
65.5
65.7
65.9
65.9
65.8
65.6
65.4
65.1
64.9
64.6
64.3
64.0
63.7
63.5
63.6
64.0
64.4
64.9
65.4
66.0
66.5
67.1
67.7
68.0
68.2
68.4
68.5
68.4
68.2
60.0
60.0
60.0
60.0
59.9
59.7
59.6
59.5
59.5
59.7
60.2
60.7
61.3
61.9
62.5
63.2
63.9
64.5
65.0
65.3
65.6
65.8
65.9
65.9
65.8
65.6
65.4
65.2
64.9
64.6
64.3
64.0
63.8
63.9
64.1
64.5
64.9
65.4
65.9
66.5
67.1
67.6
68.0
68.2
68.4
68.5
68.5
68.4
60.2
59.8
59.5
59.3
59.1
58.9
58.8
58.7
61.1
63.0
64.4
65.3
65.9
66.9
67.7
68.4
69.0
68.6
68. 1
68. 1
67.8
66.9
65.8
64.9
64.3
63.8
63.3
63.0
62.7
62.4
62.1
61.9
63.7
65.6
67.1
68.0
68.4
69.3
70.1
70.7
71.3
70.8
70.3
70.1
69.8
68.8
67.7
66.8
60.2
59.9
59.6
59.4
59.2
59.0
58.9
58.8
60.9
62.5
63.8
64.6
65.2
66.1
67.0
67.7
68.4
68.0
67.6
67.5
67.3
66.8
66.0
65.3
64.7
64.2
63.8
63.4
63.1
62.8
62.5
62.3
63.8
65.4
66.6
67.5
67.9
68.9
69.6
70.3
70.9
70.4
69.9
69.8
69.4
68.9
68.0
67.2
60.2
60.1
60.0
59.8
59.6
59.5
59.3
59.2
61.0
62.1
63.2
63.9
64.3
65.3
66.2
67.0
67.7
67.3
67.0
67.0
66.7
66.6
66.3
65.9
65.5
65. 1
64.7
64.4
64. 1
63.8
63.5
63. 2
64.5
65.6
66.5
67.2
67.5
68.4
69.2
69.9
70.5
70.0
69.6
69.5
69.2
69.0
68.6
68.1
TIME TAIR TW
60.3
60.3
60.2
60.1
60.0
59.8
59.7
59.6
61.3
62.2
63.0
63.6
63.9
64.9
65.7
66.5
67.2
66.9
66.6
66.6
66.4
66.4
66.3
66.2
65.9
65.7
65.4
65.1
64.8
64.5
64.2
64.0
65.2
66.1
66.7
67.2
67.4
68.3
69.0
69.7
70.3
69.9
69.4
69.4
69.1
69.0
68.8
68.6
60.3
60.3
60.2
60.2
60.1
60.0
59.8
59.7
61.4
62.3
63.0
63.5
63.8
64.7
65.6
66.4
67.1
66.8
66.5
66.5
66.3
66.3
66.3
66.2
66.1
65.9
65.6
65.3
65.0
64.8
64.5
64.2
65.5
66.3
66.9
67.3
67.4
68.2
68.9
69.6
70.2
69.8
69.4
69.3
69.1
69.0
68.9
68.7
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
H'
AA-14 DAY 3
half the pipe spacing = 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness 8.0 inches
power density 2.5 watts/sq.ft.
pipe radius = .38 inches
daytime water temperature = 55.0 (F)
F1 F31 F61 F91 F121
65.6
65.0
64.5
64. 1
63.8
63.4
63. 1
62.9
64.0
65.2
66.2
67.0
67.6
68.2
68.8
69.3
69.7
69.9
69.9
70.0
70.0
69.2
68.1
67.2
66.2
65.6
65.2
64.8
64.4
64.0
63.7
63.4
64. 1
65.0
65.9
66.6
67.2
67.8
68.4
68.9
69.4
69.5
69.6
69.8
69.8
69.4
68.6
67.8
67.3
66.9
66.5
66.1
65.7
65.3
65.0
64.7
65.0
65.4
66.0
66.5
66.9
67.5
68.1
68.6
69.1
69.3
69.4
69.6
69.7
69.6
69.3
68.9
68.0
67.7
67.4
67.1
66.7
66.3
66.0
65.7
65.9
66.0
66.3
66.6
67.0
67.4
68.0
68.5
69.0
69.2
69.4
69.6
69.7
69.7
69.7
69.5
68.2
68.0
67.7
67.4
67.0
66.7
66.3
66.0
66.2
66.3
66.5
66.7
67.0
67.4
68.0
68.5
69.0
69.2
69.4
69.6
69.7
69.8
69.8
69.7
MS M35 M65 M95 M125
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
63.7
63.2
62.8
62.5
62. 1
61.8
61.6
61.3
62.9
64. 1
65.0
65.7
66.2
66.7
67.2
67.6
68.0
68.4
68.6
68.7
68.7
67.0
65.8
65.1
66.9
66.5
66.1
65.7
65.3
65.0
64.6
64.3
64.3
64.8
65.4
66.1
66.6
67.1
67.6
68.1
68.7
69. 1
69.4
69.5
69.6
69.4
68.9
68.4
68.0
67.7
67.3
67.0
66.6
66.3
65.9
65.6
65.4
65.5
65.8
66.3
66.7
67.1
67.6
68.2
68.7
69.2
69.5
69.7
69.8
69.8
69.7
69.5
68.3
68.0
67.7
67.4
67.0
66.7
66.3
66.0
65.8
65.8
66.0
66.4
66.8
67.2
67.6
68.2
68.7
69.2
69.5
69.7
69.8
69.9
69.8
69.7
C9 C39 C69 C99 C129
66.0
65.5
65.0
64.6
64.2
63.9
63.6
63.3
65.7
67.4
68.7
69.4
69.8
70.6
71.4
72.0
72.5
71.9
71.4
71.2
70.8
69.8
68.6
67.7
66.6
66.0
65.6
65.1
64.8
64.4
64.1
63.8
65.8
67.2
68.3
69.1
69.4
70.2
71.0
71.6
72.1
71.6
71.1
70.9
70.5
70.0
69.1
68.2
67.6
67.2
66.7
66.3
66.0
65.6
65.2
64.9
66.6
67.5
68.4
68.9
69.2
70.0
70.7
71.3
71.9
71.4
70.9
70.8
70.4
70.2
69.8
69.2
68.3
67.9
67.6
67.2
66.8
66.5
66.1
65.8
67.3
68.0
68.7
69.0
69.2
69.9
70.6
71.2
71.8
71.4
70.9
70.8
70.4
70.3
70.1
69.8
68.5
68.2
67.9
67.5
67.1
66.8
66.4
66.1
67.6
68.3
68.8
69.1
69.3
69.9
70.6
71.2
71.8
71.4
70.9
70.8
70.5
70.3
70.2
70.0
TIME TAIR
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
67.9
67.4
67.0
66.6
66.2
65.9
65.5
65.3
70.1
71.2
72.1
72.3
72.0
73.4
74.4
75.0
75.6
73.3
71.9
71.7
.70.8
70.5
70.0
69.5
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.O'
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
00
AA- 15
half the pipe spacing = 6.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness = 8.0 inches
power density 3.0 watts/sq.ft
pipe radius = .38 inches
daytime water temperature = 55.0 (F)
F1 F31 ,F61 F91 F121
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
60.7
60.3
59.9
59.5
59.1
58.8
58.4
58.2
64.1
65.6
66.8
67. 1
67.0
68.9
70.1
71.0
71.7
69.1
67.5
67.3
66.2
65.9
65.3
64.6
DAY 2
63.9
63.3
62.7
62.2
61.6
61.1
60.7
60.4
65.4
67. 1
68.2
68.6
68.3
70.2
71.3
72.1
72.8
70.2
68.5
68.3
67.1
66.8
66.1
65.4
59.8
59.2
58.7
58.3
57.9
57.5
57.2
56.9
58.0
59.3
60.3
61.1
61.8
62.5
63.3
63.9
64.6
64.8
65.0
65.2
65.2
64.6
63.7
62.8
62.2
61.6
61.0
60.5
60.1
59.6
59.2
58.8
59.4
60.6
61.6
62.4
63.0
63.7
64.3
65.0
65.5
65.7
65.8
66.0
66.0
65.4
64.4
63.5
59.8
59.3
58.8
58.4
58.0
57.7
57.3
57.1
58.0
59.0
60.0
60.8
61.5
62.3
63.0
63.7
64.4
64.6
64.8
65.0
65. 1
64.7
63.9
63.1
62.4
61.8
61.3
60.8
60.3
59.8
59.4
59.0
59.5
60.5
61.4
62.2
62.8
63.5
64.2
64.8
65.4
65.6
65.7
65.9
65.9
65.5
64.6
63.8
60.0
59.6
59.2
58.8
58.4
58.0
57.7
57.4
58.0
58.8
59.6
60.4
61.1
61.9
62.7
63.4
64.1
64.4
64.6
64.9
65.0
64.8
64.3
63.7
63.0
62.4
61.9
61.3
60.8
60.3
59.9
59.5
59.7
60.4
61.1
61.8
62.4
63.2
63.9
64.5
65.2
65.4
65.6
65.8
65.8
65.6
65.1
64.4
M5 M35 M65 M95 M125
60.0
59.8
59.5
59.1
58.7
58.4
58.0
57.7
58.1
58.6
59.4
60.1
60.7
61.6
62.4
63.2
63.9
64.2
64.5
64.8
64.9
64.9
64.6
64.1
63.6
63.0
62.4
61.9
61.3
60.8
60.3
59.9
60.0
60.4
61.0
61.6
62.2
62.9
63.7
64.4
65.0
65.3
65.5
65.7
65.8
65.8
65.5
64.9
60.1
59.9
59.6
59.2
58.9
58.5
58. 1
57.8
58.2
58.6
59.3
60.0
60.6
61.5
62.3
63.1
63.8
64.2
64.4
64.7
64.9
64.9
64.7
64.3
63.8
63.2
62.6
62.1
61.5
61.0
60.5
60. 1
60.2
60.5
61.0
61.5
62.1
62.9
63.6
64.3
65.0
65.3
65.5
65.7
65.8
65.8
65.6
65.1
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
56.8
56.1
55.6
55.3
55.0
54.8
54.5
54.3
57.4
58.6
59.4
60.1
60.7
61.3
61.8
62.3
62.8
63.3
63.5
63.7
63.7
60.6
59.5
58.9
58.4
57.9
57.5
57.1
56.8
56.4
56.1
55.8
58.2
59.6
60.5
61.1
61.7
62.2
62.7
63.1
63.6
64.0
64.2
64.3
64.4
61.2
60.1
59.4
59.3
58.7
58.2
57.9
57.5
57.2
56.9
56.6
57.3
58.3
59.2
60.0
60.8
61.5
62.1
62.8
63.5
64.1
64.4
64.6
64.8
64.0
63.1
62.5
61.9
61.3
60.8
60.3
59.8
59.4
58.9
58.5
58.8
59.7
60.5
61.3
62.0
62.6
63.3
63.9
64.5
65.0
65.3
65.5
65.6
64.7
63.9
63.2
C9 C39 C69 C99 C129
59.8
59.5
59.2
58.8
58.4
58.1
57.7
57.4
57.4
58.0
58.8
59.7
60.5
61.2
62.0
62.7
63.5
64.1
64.5
64.8
64.9
64.8
64.3
63.8
63.2
62.6
62.0
61.5
61.0
60.5
60.0
59.6
59.3
59.7
60.4
61.2
61.9
62.6
63.2
63.9
64.6
65.2
65.5
65.7
65.8
65.6
65.1
64.5
59.9
59.7
59.4
59.0
58.7
58.3
58.0
57.6
57.5
58.0
58.7
59.6
60.4
61.1
61.9
62.7
63.4
64.1
64.5
64.8
65.0
65.0
64.6
64. 1
63.6
63.0
62.4
61.9
61.3
60.8
60.3
59.9
59.5
59.8
60.4
61.1
61.8
62.5
63.2
63.9
64.6
65.2
65.6
65.8
65.9
65.8
65.5
64.9
60.0
59.5
59.0
58.6
58.2
57.9
57.6
57.3
59.9
61.7
63.1
64.0
64.4
65.5
66.4
67.2
67.9
67.3
66.7
66.6
66.1
65.3
64.2
63.3
62.6
62.0
61.4
60.9
60.4
60.0
59.6
59.2
61.1
63.0
64.4
65.2
65.6
66.6
67.5
68.2
68.9
68.2
67.6
67.4
66.9
66.1
64.9
64.0
60.1
59.6
59.1
58.7
58.3
58.0
57.7
57.4
59.8
61.5
62.9
63.7
64.2
65.2
66.2
67.0
67.7
67.2
66.6
66.4
66.0
65.4
64.4
63.6
62.9
62.2
61.7
61.1
60.6
60.2
59.8
59.4
61.1
62.9
64.2
65.0
65.4
66.4
67.3
68.0
68.7
68.1
67.5
67.3
66.8
66.1
65.2
64.3
60.2
59.8
59.4
59.0
58.7
58.3
58.0
57.7
59.8
61.3
62.5
63.3
63.8
64.9
65.9
66.7
67.4
66.9
66.4
66.3
65.9
65.5
64.8
64.1
63.4
62.8
62.2
61.7
61.1
60.7
60.2
59.8
61.4
62.8
63.9
64.7
65.1
66.2
67.0
67.8
68.5
68.0
67.4
67.2
66.8
66.3
65.6
64.8
TIME TAIR
TW
60.3
60.0
59.7
59.4
59.0
58.6
58.3
58.0
60.0
61.1
62.2
63.0
63.5
64.6
65.6
66.5
67.3
66.8
66.3
66.2
65.8
65.6
65.1
64.6
63.9
63.3
62.7
62.1
61.6
61.1
60.6
60.2
61.6
62.8
63.8
64.5
64.9
66.0
66.9
67.7
68.4
67.9
67.3
67.2
66.7
66.5
66.0
65.3
60.3
60.1
59.8
59.5
59.1
58.7
58.4
58.1
60.0
61.1
62.2
62.9
63.4
64.5
65.5
66.4
67.2
66.7
66.2
66.2
65.8
65.6
65.3
64.7
64.1
63.5
62.9
62.3
61.8
61.3
60.8
60.3
61.8
62.8
63.7
64.5
64.8
65.9
66.8
67.6
68.4
67.8
67.3
67.2
66.7
66.5
66.1
65.5
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
~J3
AA-15 DAY 3
half the pipe spacing = 6.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR
64.7
64.0
63.4
62.8
62.2
61.7
61.2
60.8
66.5
67.9
69.0
69.3
69.0
70.6
71.9
72.6
73.3
70.6
68.9
68.7
67.5
67.1
66.5
65.7
F1 F31 F61 F91 F121
62..8
62.2
61.6
61.1
60.6
60.1
59.7
59.3
60.2
61.3
62.3
63.0
63.5
64.2
64.8
65.4
66.0
66. 1
66.2
66.4
66.4
65.7
64.7
63.8
63. 1
62.4
61.9
61.3
60.8
60.3
59.9
59.5
60.2
61.2
62.1
62.8
63.3
64.0
64.7
65.3
65.8
66.0
66.1
66.3
66.3
65.8
64.9
64.1
63.7
63.1
62.5
61.9
61.4
60.9
60.4
59.9
60.4
61.1
61.8
62.5
63.0
63.7
64.4
65.0
65.7
65.9
66.0
66.2
66.2
66.0
65.4
64.7
64.3
63.7
63. 1
62.5
61.9
61.4
60.9
60.4
60.7
61.1
61.7
62.3
62.8
63.5
64.2
64.9
65.5
65.8
66.0
66.2
66.2
66.2
65.8
65.3
64.5
63.9
63.3
62.7
62.1
61.6
61.1
60.6
60.8
61.1
61.6
62.2
62.8
63.5
64.2
64.9
65.5
65.8
66.0
66.2
66.2
66.2
66.0
65.5
slab thickness 8.0 inches pipe radius = .38 inches
power density 3.0 watts/sq.ft.
daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
58.9
58.4
57.9
57.5
57.2
56.8
56.5
56.1
59.1
60.2
61.0
61.6
62. 1
62.6
63.0
63.5
63.9
64.3
64.5
64.6
64.6
61.5
60.3
59.6
62.5
61.9
61.4
60.8
60.3
59.9
59.4
59.0
59.5
60.4
61.2
61.9
62.6
63.2
63.8
64.4
64.9
65.4
65.7
65.9
65.9
65.1
64.2
63.5
63.9
63.3
62.7
62.1
61.6
61.0
60.5
60.1
60.0
60.4
61.1
61.8
62.5
63.1
63.8
64.4
65.1
65.6
66.0
66. 1
66.2
66.0
65.5
64.9
64.3
63.7
63.1
62.5
61.9
61.4
60.9
60.4
60. 1
60.5
61.1
61.8
62.5
63.1
63.8
64.4
65.1
65.7
66.0
66.2
66.3
66.2
65.8
65.3
63.3
62.6
62.0
61.5
61.0
60.5
60.0
59.7
62.1
63.8
65.1
65.9
66.2
67.1
68.0
68.7
69.3
68.7
68.0
67.8
67.3
66.4
65.3
64.3
63.5
62.9
62.3
61.7
61.2
60.7
60.2
59.8
62.1
63.7
64.9
65.7
66.0
66.9
67.8
68.5
69.2
68.5
67.9
67.7
67.2
66.5
65.5
64.6
64. 1
63.5
62.8
62.3
61.7
61.2
60.7
60.3
62.3
63.6
64.7
65.4
65.7
66.7
67.6
68.3
69.0
68.4
67.8
67.6
67.1
66.7
66.0
65.2
64.7
64.0
63.4
62.8
62.2
61.7
61.1
60.7
62.5
63.6
64.5
65.2
65.6
66.5
67.4
68.2
68.9
68.3
67.8
67.6
67.1
66.8
66.3
65.7
64.9
64.2
63.6
63.0
62.4
61.8
61.3
60.9
62.7
63.6
64.5
65. 1
65.5
66.4
67.4
68.2
68.9
68.3
67.7
67.6
67.1
66.9
66.5
65.9
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
I
0
AA- 16
half the pipe spacing = 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
F1 F31 F61 F91 F121
60.7
60.5
60.4
60.2
60.1
59.9
59.8
59.8
65.7
67.3
68.4
68.8
68.6
70.5
71.8
72.6
73.4
70.8
69.2
69.2
68.1
67.9
67.5
67.0
DAY 2
66.6
66.2
65.8
65.5
65.2
64.9
64.6
64.4
69.5
71.2
72.3
72.7
72.3
74.1
75.2
76.0
76.6
74.0
72.3
72.1
71.0
70.7
70.2
69.6
60.0
59.6
.59.3
59.0
58.8
58.7
58.5
58.4
59.7
61.2
62.4
63.4
64.1
65.0
65.7
66.4
67.1
67.3
67.5
67.7
67.8
67. 1
66.0
65.2
64.5
64.0
63.5
63.2
62.8
62.6
62.3
62.0
62.9
64.3
65.5
66.4
67.0
67.8
68.5
69.1
69.6
69.8
69.9
70.0
70.0
69.3
68.1
67.2
60.0
59.7
59.4
59.2
59.0
58.8
58.6
58.5
59.5
60.6
61.7
62.7
63.4
64.2
65.0
65.7
66.4
66.7
66.9
67.2
67.3
67.0
66.3
65.6
65.0
64.5
64.1
63.7
63.4
63.1
62.8
62.5
63.1
64. 1
65.1
65.9
66.6
67.3
68.0
68.7
69.2
69.5
69.6
69.7
69.8
69.4
68.6
67.8
60. 1
59.9
59.8
59.6
59.4
59.3
59. 1
59.0
59.6
60.3
61.1
61.9
62.5
63.4
64.2
64.9
65.7
66.0
66.3
66.6
66.8
66.9
66.6
66.3
65.9
65.6
65.2
64.9
64.5
64.2
63.9
63.6
63.9
64.5
65. 1
65.7
66.3
67.0
67.6
68.3
68.9
69.2
69.3
69.6
69.6
69.6
69.3
68.9
60.1
60.1
60.0
59.9
59.8
59.7
59.6
59.4
60.0
60.4
61.0
61.5
62.1
62.9
63.7
64.4
65.2
65.6
65.9
66.3
66.5
66.7
66.7
66.7
66.5
66.3
66.0
65.7
65.4
65.1
64.8
64.5
64.8
65.0
65.4
65.8
66.2
66.9
67.5
68. 1
68.8
69.1
69.3
69.5
69.6
69.7
69.7
69.5
slab thickness 8.0 inches
power density 3.0 watts/sq.ft.
pipe radius = .38 inches
daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
60.1
60.1
60.1
60.0
59.9
59.8
59.7
59.6
60.1
60.5
61.0
61.5
62.0
62.7
63.5
64.3
65.1
65.5
65.8
66.2
66.4
66.6
66.7
66.8
66.7
66.5
66.3
66.0
65.7
65.4
65.1
64.8
65.1
65.3
65.6
65.9
66.2
66.8
67.5
68.1
68.7
69.0
69.2
69.5
69.6
69.7
69.8
69.7
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
58.6
58.1
57.8
57.6
57.4
57.3
57.1
57.0
58.8
60.2
61.3
62.2
62.9
63.6
64.2
64.8
65.4
65.9
66.3
66.5
66.6
64.9
63.8
63.2
62.6
62.2
61.9
61.5
61.3
61.0
60.7
60.5
61.7
63.1
64.2
65.0
65.7
66.3
66.8
67.4
67.9
68.3
68.6
68.7
68.7
67.0
65.9
65.1
59.9
59.7
59.5
59.3
59.1
59.0
58.9
58.7
59.0
59.7
60.6
61.5
62.3
63.0
63.7
64.5
65.2
65.9
66.3
66.6
66.8
66.7
66.3
65.9
65.5
65.2
64.8
64.5
64.2
63.9
63.6
63.3
63.2
63.7
64.5
65.2
65.9
66.5
67.2
67.8
68.4
69.0
69.3
69.5
69.6
69.4
69.0
68.5
60.0
60.0
59.9
59.8
59.7
59.6
59.5
59.4
59.4
59.8
60.4
61.1
61.8
62.5
63.3
64. 1
64.8
65.5
66.0
66.4
66.6
66.8
66.8
66.7
66.5
66.2
65.9
65.7
65.4
65.0
64.7
64.4
64.2
64.4
64.8
65.4
65.9
66.5
67.1
67.7
68.4
69.0
69.4
69.6
69.7
69.8
69.7
69.5
60.0
60.1
60.0
60.0
59.9
59.8
59.7
59.5
59.6
59.9
60.4
61.0
61.7
62.4
63.1
63.9
64.7
65.4
65.9
66.3
66.5
66.7
66.8
66.8
66.7
66.5
66.3
66.0
65.7
65.4
65.1
64.8
64.6
64.7
65.0
65.5
66.0
66.5
67.1
67.7
68.4
69.0
69.4
69.6
69.8
69.8
69.8
69.7
60.2
59.9
59.6
59.4
59.2
59.0
58.8
58.8
61.6
63.7
65.2
66.2
66.7
67.9
68.8
69.6
70.3
69.7
69.1
69.0
68.6
67.7
66.6
65.7
65.0
64.5
64.0
63.6
63.3
63.0
62.7
62.5
64.6
66.7
68.3
69.3
69.7
70.7
71.6
72.3
72.9
72.3
71.6
71.4
70.9
69.9
68.7
67.8
60.2
59.9
59.7
59.5
59.3
59. 1
59.0
58.9
61.4
63.1
64.6
65.5
66.0
67.2
68.1
69.0
69.7
69.2
68.6
68.5
68.2
67.6
66.8
66.1
65.4
64.9
64.5
64. 1
63.8
63.5
63.2
63.0
64.8
66.5
67.9
68.8
69.3
70.3
71.2
71.9
72.6
72.0
71.3
71.1
70.7
70.1
69.2
68.3
60.3
60.2
60.0
59.9
59.7
59.6
59.4
59.3
61.5
62.8
64.0
64.8
65.3
66.4
67.4
68.2
69.0
68.6
68. 1
68.0
67.7
67.5
67.2
66.7
66.3
65.9
65.5
65.2
64.8
64.5
64.2
64.0
65.6
66.8
67.9
68.6
69.0
70.0
70.8
71.6
72.3
71.7
71.1
71.0
70.6
70.3
69.8
69.3
60.3
60.3
60.2
60.1
60.0
59.9
59.8
59.7
61.8
62.9
63.8
64.5
64.9
65.9
66.9
67.8
68.6
68.2
67.8
67.7
67.5
67.4
67.3
67.1
66.8
66.6
66.2
65.9
65.6
65.3
65.0
64.7
66.3
67.3
68.1
68.7
68.9
69.9
70.7
71.5
72.2
71.6
71.1
70.9
70.5
70.4
70.2
69.9
TW
60.3
60.3
60.3
60.2
60.2
60.0
59.9
59.8
61.9
63.0
63.8
64.4
64.8
65.8
66.8
67.7
68.5
68.1
67.6
67.7
67.4
67.3
67.3
67.2
67.0
66.8
66.5
66.2
65.9
65.6
65.3
65.0
66.6
67.6
68.3
68.8
69.0
69.9
70.7
71.4
72.1
71.6
71.0
70.9
70.5
70.4
70.3
70.1
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
.I
AA-16 DAY 3
half the pipe spacing = 9.0 inches
location of pipe = 5 (2 '- 8)
nighttime water temperature = 43.0 (F)
slab thickness = 8.0 inches pipe radius = .38 inches
power density 3.0 watts/sq.ft.
daytime water temperature = 55.0 (F)
F1 F31 F61 F91 F121
66.5
65.9
65.4
65.0
64.6
64.2
63.9
63.6
64.8
66.1
67.2
68.0
68.6
69.3
69.9
70.4
71.0
71.1
71.1
71.2
71.2
70.4
69.2
68.3
67.2
66.6
66.1
65.7
65.3
64.9
64.6
64.3
65.0
66.0
67.0
67.7
68.3
68.9
69.6
70.2
70.7
70.8
70.9
71.0
71.0
70.6
69.8
69.0
68.4
68.0
67.5
67.1
66.7
66.3
66.0
65.6
66.0
66.5
67. 1
67.7
68.2
68.8
69.4
70.0
70.6
70.8
70.9
71.1
71.1
71.0
70.7
70.2
69.3
68.9
68.6
68.2
67.8
67.4
67.1
66.7
67.0
67.2
67.5
67.9
68.3
68.8
69.4
70.0
70.6
70.8
70.9
71.1
71.2
71.2
71.2
70.9
69.5
69.2
68.9
68.6
68.2
67.8
67.4
67.1
67.4
67.5
67.8
68.0
68.3
68.9
69.4
70.0
70.6
70.8
71.0
71.2
71.2
71.3
71.3
71.2
M5 M35 M65 M95 M125
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
64.5
64.0
63.6
63.3
62.9
62.6
62.3
62.0
63.6
64.9
65.8
66.5
67.1
67.7
68.2
68.7
69.1
69.5
69.7
69.8
69.8
68.0
66.9
66.1
68.0
67.5
67.1
66.7
66.3
65.9
65.6
65.2
65.3
65.8
66.5
67.2
67.8
68.3
68.9
69.5
70.0
70.5
70.8
71.0
71.0
70.8
70.3
69.8
69.2
68.9
68.5
68.1
67.8
67.4
67.0
66.6
66.4
66.6
67.0
67.5
68.0
68.5
69.0
69.6
70.2
70.7
71.1
71.2
71.3
71.3
71.2
70.9
69.5
69.2
68.9
68.6
68.2
67.8
67.4
67.1
66.8
66.9
67.2
67.6
68.1
68.5
69.0
69.6
70.2
70.8
71.1
71.3
71.4
71.4
71.4
71.2
C9 C39 C69 C99 C129
67.0
66.4
65.9
65.5
65.1
64.7
64.4
64.1
66.8
68.7
70.1
70.9
71.3
72.2
73.0
73.7
74.3
73.6
72.9
72.6
72.1
71.1
69.8
68.8
67.7 68.8
67.1 68.3
66.6 67.9
66.1 67.4
65.7 67.0
65.4 66.6
65.0 66.3
64.7 66.0
67.0 67.9
68.6 69.0
69.9 70.0
70.6 70.6
71.0 70.9
71.9 71.7
72.7 72.6
73.4 73.3
74.0 73.9
73.4 73.3
72.7 72.7
72.5 72.5
72.0 72.0
71.3 71.7
70.4 71.2
69.5 70.6
69.6
69.2
68.8
68.4
68.0
67.6
67.2
66.9
68.8
69.6
70.4
70.8
71.0
71.8
72.6
73.3
73.9
73.3
72.7
72.6
72.1
71.9
71.6
71.3
69.8
69.5
69.1
68.7
68.3
68.0
67.6
67.2
69.1
69.9
70.5
70.9
71.0
71.8
72.6
73.3
73.9
73.4
72.8
72.6
72.2
72.0
71.8
71.5
TIME TAIR
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
69. I
68.6
68. 2
67.7
67.3
67.0
66.6
66.4
72. I
73.4
74.4
74.6
74.2
75.8
77.0
77.7
78.3
75.6
73.8
73.6
72.4
72.0
71.5
70.9
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
AA- 17
half the pipe spacing 6.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness = 8.0 inches pipe radius = .38 inches
power density = 3.5 watts/sq.ft.
daytime water temperature = 55.0 (F)
F1 F31 F61 F91 F121 M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41. 0
42.0
43.0
44.0
45.0
46.0
47.0
60.8
60.4
60.0
59.6
59.3
58.9
58.6
58.4
65.2
67.0
68.3
68.7
68.4
70.6
72.0
72.9
73.7
70.7
68.7
68.5
67.2
66.8
66.2
65.4
DAY 2
64.7
64.1
63.4
62.9
62.3
61.8
61.3
61.0
66.9
68.8
70.1
70.5
70.1
72.2
73.5
74.3
75.1
72.0
69.9
69.6
68.3
67.8
67-1
59.8
59.2
,58.7
58.3
57.9
57.6
57.3
57.0
58.2
59.5
60.6
61.5
62.2
63.0
63.8
64.6
65.3
65.5
65.6
65.8
65.9
65.3
64.3
63.4
62.7
62.1
61.6
61.0
60.6
60.1
59.7
59.3
60.0
61.2
62.2
63.1
63.7
64.5
65.2
65.8
66.5
66.6
66.7
66.9
66.9
66.2
65.2
59.8
59.3
58.8
58.4
58.0
57.7
57.4
57. 1
58.1
59.3
60.3
61.2
61.9
62.8
63.6
64.4
65.1
65.4
65.5
65.7
65.8
65.3
64.5
63.7
63.0
62.4
61.8
61.3
60.8
60.3
59.9
59.5
60.0
61.1
62. 1
62.9
63.5
64.3
65.0
65.7
66.3
66.5
66.6
66.8
66.8
66.3
65.4
60.0
59.6
59.2
58.8
58.4
58.1
57.7
57.4
58.1
59.0
59.9
60.8
61.5
62.4
63.3
64.1
64.8
65.1
65.3
65.6
65.7
65.5
65.0
64.3
63.7
63. 1
62.5
61.9
61.4
60.9
60.4
60.0
60.3
61.0
61.8
62.6
63.2
64.0
64.8
65.5
66.2
66.4
66.6
66.7
66.8
66.6
65.9
60.0
59.8
59.5
59. 1
58.8
58.4
58.0
57.7
58.3
58.9
59.7
60.5
61.2
62.1
63.0
63.9
64.7
65.0
65.3
65.5
65.6
65.7
65.3
64.8
64.2
63.6
63.0
62.5
61.9
61.4
60.9
60.4
60.6
61.1
61.7
62.4
63.0
63.8
64.6
65.4
66.1
66.4
66.5
66.7
66.8
66.7
66.4
60.1
59.9
59.6
59.3
58.9
58.5
58.2
57.9
58.4
58.9
59.6
60.4
61.1
62.0
62.9
63.8
64.6
65.0
65.2
65.5
65.6
65.7
65.5
65.0
64.5
63.9
63.3
62.7
62.1
61.6
61.1
60.6
60.8
61.1
61.7
62.3
62.9
63.7
64.6
65.3
66. 1
66.3
66.5
66.7
66.8
66.8
66.5
48.0 66.3 64.3 64.6 65.2 65.8 66.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
56.8
56.1
55.7
55.3
55.1
54.8
54.6
54.4
57.4
58.7
59.6
60.4
61.0
61.6
62.2
62.8
63.3
63.8
64.1
64.2
64.3
61.1
60.0
59.4
59.3
58.7
58.3
57.9
57.5
57.2
56.9
56.6
57.3
58.4
59.4
60.3
61.1
61.9
62.6
63.4
64.1
64.7
65.1
65.3
65.5
64.7
63.8
63.1
59.8
59.5
59.2
58.8
58.4
58.1
57.8
57.4
57.5
58.2
59. 1
60.0
60.9
61.7
62.5
63.4
64.2
64.9
65.3
65.6
65.7
65.5
65.1
64.5
43.0 58.8 62.5 63.9
43.0 58.4 61.9 63.3
43.0 57.9 61.3 62.7
43.0 57.5 60.8 62.1
43.0 57.1 60.3 61.5
43.0 56.8 59.8 61.0
43.0 56.5 59.4 60.5
43.0 56.1 59.0 60.1
55.0 58.6 59.3 59.8
55.0 60.0 60.2 60.3
55.0 60.9 61.1 61.0
55.0 61.6 61.9 61.8
55.0 62.2 62.7 62.6
55.0 62.7 63.4 63.3
55.0 63.3 64.0 64.1
55.0 63.8 64.7 64.8
55.0 64.3 65.4 65.6
55.0 64.7 65.9 66.2
55.0 64.9 66.2 66.5
55.0 65.0 66.4 66.7
55.0 65.0 66.5 66.8
43.0 61.9 65.6 66.6
43.0 60.7 64.7 66.1
43.0 60.0 64.0 65.4
TIME TAIR
TW
60.0
59.7
59.4
59.1
58.7
58.3
58.0
57.7
57.6
58.1
59.0
59.9
60.8
61.6
62.5
63.3
64.2
64.9
65.3
65.6
65.8
65.7
65.4
64.9
64.3
63.6
63.0
62.5
61.9
61.4
60.9
60.4
60.1
60.3
61.0
61.8
62.6
63.3
64.1
64.8
65.6
66.2
66.6
66.8
66.9
66.8
E6.4
65.8
60.1
59.5
59.1
58.6
58.3
57.9
57.6
57.4
60.4
62.4
63.9
64.8
65.3
66.5
67.5
68.4
69.1
68.4
67.7
67.5
67.0
66.1
64.9
64.0
63.3
62.6
62.0
61.5
61.0
60.5
60.1
59.7
61.9
64.0
65.5
66.4
66.8
67.9
68.8
69.6
70.3
69.6
68.8
68.5
67.9
67.0
65.8
64.9
60.1
59.6
59.2
58.8
58.4
58.1
57.8
57.5
60.3
62.2
63.6
64.6
65.1
66.3
67.3
68.2
69.0
68.3
67.6
67.4
66.9
66.1
65.2
64.3
63.5
62.9
62.3
61.7
61.2
60.7
60.3
59.9
61.9
63.9
65.3
66.2
66.6
67.7
68.7
69.5
70.2
69.5
68.7
68.5
67.9
67.1
66. 1
65.1
60.2
59.9
59.5
59. 1
58.7
58.4
58.1
57.8
60.3
61.9
63.3
64.2
64.7
65.9
67.0
67.9
68.7
68.1
67.4
67.3
66.8
66.3
65.6
64.8
64. 1
63.5
62.9
62.3
61.8
61.2
60.8
60.4
62.2
63.8
65.1
65.9
66.3
67.5
68.5
69.3
70.1
69.4
68.6
68.4
67.8
67.3
66.6
65.8
60.3
60.1
59.8
59.4
59.1
58.7
58.4
58.1
60.4
61.8
63.0
63.9
64.4
65.7
66.8
67.7
68.6
68.0
67.3
67.2
66.7
66.4
66.0
65.3
64.7
64.0
63.4
62.8
62.2
61.7
61.2
60.8
62.5
63.8
65.0
65.8
66.2
67.3
68.3
69.2
70.0
69.3
68.6
68.4
67.9
67.5
67.0
66.3
60.3
60.2
59.9
59.5
59.2
58.8
58.5
58.2
60.5
61.8
63.0
63.8
64.3
65.6
66.7
67.7
68.5
68.0
67.3
67.2
66.7
66.5
66.1
65.5
64.9
64.2
63.6
63.0
62.4
61.9
61.4
60.9
62.6
63.9
64.9
65.7
66.1
67.3
68.3
69.2
70.0
69.3
68.6
68.4
67.9
67.6
67.1
66.5
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
Hp.
(J
3
half the pipe spacing = 6.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness 8.0 inches
power density 3.5 watts/sq
daytime water temperature =
pipe radius = .38 inches
.ft.
55.0 (F)
F1 F31 F6i F91 F121
63.5
62.9
62.3
61.7
61.2
60.7
60.2
59.8
60.9
62.0
63.0
63.8
64.3
65.0
65.7
66.4
67.0
67. 1
67.2
67.3
67.3
66.6
65.5
64.6
63.8
63.2
62.6
62.0
61.5
61.0
60.5
60.0
60.9
61.9
62.8
63.6
64.2
64.9
65. G
66.2
66.9
67.0
67.1
67.2
67.2
66.7
65.8
64.9
64.5
63.9
63.3
62.7
62.1
61.5
61.0
60.6
61.1
61.8
62.6
63.3
63.9
64.6
65.4
66. 1
66.7
66.9
67.1
67.2
67.2
67.0
66.3
65.6
65.2
64.5
63.9
63.2
62.7
62.1
61.5
61.0
61.4
61.9
62.5
63.2
63.7
64.5
65.3
66.0
66.7
66.9
67.1
67.2
67.3
67.2
66.8
66.2
65.4
64.8
64.1
63.5
62.9
62.3
61.7
61.2
61.6
61.9
62.5
63.1
63.7
64.4
65.2
66.0
66.7
66.9
67.1
67.3
67.3
67.3
67.0
66.4
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
59.4
58.9
58.5
58.0
57.6
57.3
56.9
56.6
59.5
60.7
61.5
62.2
62.7
63.2
63.7
64.2
64.7
65.1
65.3
65.3
65.3
62.2
61.0
60.3
63.3
62.7
62.1
61.5
61.0
60.5
60.0
59.5
60.1
61.0
61.9
62.7
63.4
64.0
64.6
65.3
65.9
66.4
66.7
66.8
66.9
66.0
65.1
64.3
64.8
64. 1
63.5
62.9
62.3
61.7
61.2
60.7
60.6
61.1
61.8
62.6
63.4
64.0
64.7
65.4
66.1
66.7
67. 1
67.2
67.3
67.0
66.5
65.8
65.2
64.5
63.9
63.2
62.6
62.1
61.5
61.0
60.8
61.1
61.8
62.6
63.3
64.0
64.7
65.5
66.2
66.8
67.1
67.3
67.4
67.3
66.8
66.2
64.1
63.4
62.7
62.2
61.6
61.1
60.7
60.3
63.1
65.0
66.3
67.1
67.5
68.5
69.4
70.2
70.9
70.1
69.3
69.0
68.4
67.4
66.2
65.2
64.3
63.7
63.0
62.4
61.9
61.4
60.9
60.5
63.1
64.8
66.2
67.0
67.3
68.3
69.3
70.1
70.8
70.0
69.2
68.9
68.3
67.5
66.4
65.5
65.0
64.3
63.7
63.0
62.5
61.9
61.4
61.0
63.3
64.8
66.0
66.7
67.1
68. 1
69.1
69.9
70.6
69.9
69.1
68.9
68.3
67.8
67.0
66.2
65.6
64.9
64.2
63.6
63.0
62.4
61.9
61.4
63.6
64.8
65.8
66.6
66.9
67.9
69.0
69.8
70.6
69.9
69.1
68.9
68.3
68.0
67.4
66.7
65.8.
65. 1
64.4
63.8
63.2
62.6
62.0
61.6
63.7
64.8
65.8
66.5
66.9
67.9
68.9
69.8
70.6
69.9
69.2
68.9
68.4
68.0
67.6
66.9
TIME TAIR
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
65.6
64.9
64.2
63.6
63.0
62.5
61.9
61.6
68.3
69.8
71.0
71.2
70.8
72.7
74.1
74.9
75.7
72.5
70.4
70.1
68.7
68.3
67.5
66.7
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
H
P.
AA- 17 DAY 3
AA-18
half the pipe spacing 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness = 8.0 inches
power density 3.5 watts/sq.ft.
pipe radius = .38 inches
daytime water temperature = 55.0 (F)
F1 F31 F61 F91 F121
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
60.0
59.7
59.4
59.2
59.0
58.8
58.7
58.6
59.6
60.9
62.1
63.0
63.8
64.8
65.6
66.4
67.2
67.5
67.7
67.9
68.0
67.7
67.0
66.3
60.1
59.9
59.8
59.6
59.5
59.3
59.2
59.1
59.8
60.6
61.4
62.3
63.0
63.9
64.8
65.7
66.5
66.8
67.1
67.4
67.6
67.7
67.5
67.1
60.8
60.6
60.5
60.4
60.2
60.1
59.9
60.0
66.9
68.7
70.0
70.3
70.1
72.3
73.6
74.6
75.5
72.4
70.5
70.4
69. 1
68.9
68.4
68.0
OAY 2
67.5
67.1
66.7
66.3
66.0
65.7
65.3
65.2
71.2
73.2
74.4
74.7
74.3
76.3
77.5
78.4
79.1
76.0
74.0
73.7
72.4
72.0
71.5
70.9
60.0
59.6
59.3
59. 1
58.9
58.7
58.5
58.4
59.9
61.5
62.8
63.8
64.6
65.5
66.3
67.1
67.8
68.0
68.2
68.4
68.5
67.7
66.7
65.8
65.1
64.6
64.2
63.8
63.4
63.1
62.8
62.6
63.5
65.0
66.2
67.2
67.9
68.7
69.4
70.1
70.7
70.8
70.9
71.0
71.0
70.2
69.1
68.1
60.1
60.1
60.0
59.9
59.8
59.7
59.6
59.5
60.2
60.7
61.3
62.0
62.6
63.5
64.3
65.2
66.0
66.5
66.8
67.2
67.4
67.6
67.6
67.5
67.4
67.1
66.8
66.5
66.2
65.9
65.6
65.3
65.6
65.9
66.3
66.8
67.3
68.0
68.7
69.4
70.1
70.4
70.6
70.8
70.9
71.0
71.0
70.8
M5 M35 M65 M95 M125
60.1
60.1
60.1
60.0
60.0
59.9
59.8
59.7
60.3
60.8
61.3
61.9
62.5
63.3
64.2
65.0
65.9
66.3
66.7
67.1
67.3
67.5
67.6
67.7
67.6
67.4
67.1
66.8
66.5
66.2
65.9
65.6
65.9
66.2
66.5
66.9
67.3
68.0
68.7
69.4
70.1
70.4
70.6
70.9
71.0
71.1
71.1
71.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
58.6
58.1
57.8
57.6
57.4
57.3
57.2
57. 1
58.9
60.3
61.5
62.4
63.3
64.0
64.7
65.4
66.0
66.6
66.9
67.1
67.3
65.6
64.5
63.8
63.2
62.8
62.4
62.1
61.8
61.5
61.3
61.0
62.3
63.7
64.8
65.7
66.4
67.0
67.6
68.2
68.8
69.3
69.5
69.7
69.7
67.9
66.8
59.9
59.7
59.5
59.3
59.2
59.0
58.9
58.8
59.1
59.9
60.8
61.8
62.7
63.5
64.3
65.1
66.0
66.7
67.2
67.5
67.7
67.5
67.2
66.7
66.3
65.9
65.6
65.2
64.9
64.5
64.2
63.9
63.9
64.5
65.3
66.1
66.8
67.5
68.2
68.9
69.6
70.2
70.6
70.7
70.8
70.6
70.1
60.0
60.0
59.9
59.9
59.8
59.7
59.5
59.4
59.5
60.0
60.7
61.5
62.3
63.0
63.9
64.7
65.6
66.4
66.9
67.3
67.5
67.7
67.7
67.5
67.3
67. 1
66.8
66.5
66.1
65.8
65.5
65.2
65.0
65.2
65.7
66.3
66.9
67.5
68.2
68.9
69.7
70.3
70.7
71.0
71.1
71.1
71.0
43.0 66.0 69.6 70.8 71.0
C9 C39 C69 C99 C129
60.0
60.1
60.0
60.0
59.9
59.8
59.7
59.6
59.7
60.0
60.7
61.4
62.1
62.9
63.7
64.6
65.5
66.3
66.8
67.2
67.5
67.6
67.7
67.7
67.6
67.4
67.1
66.8
66.5
66.2
65.9
65.6
65.3
65.5
65.9
66.4
67.0
67.6
68.2
68.9
69.7
70.3
70.7
71.0
71.2
71.2
71.2
60.2
59.9
59.7
59.4
59.2
59.1
58.9
58.9
62.1
64.3
66.0
67.1
67.6
68.9
69.9
70.8
71.6
70.9
70.1
70.0
69.4
68.5
67.3
66.4
65.7
65.1
64.7
64.3
64.0
63.6
63.4
63.2
65.5
67.8
69.5
70.6
71.0
72.1
73. 1
73.9
74.6
73.8
73.0
72.7
72.1
71.0
69.8
60.2
60.0
59.7
59.5
59.4
59.2
59.1
59.0
61.8
63.8
65.4
66.4
66.9
68.2
69.3
70.2
71.0
70.4
69.7
69.5
69. 1
68.5
67.6
66.8
66.2
65.7
65.2
64.8
64.5
64.2
63.9
63.6
65.7
67.7
69.2
70.2
70.6
71.8
72.7
73.5
74.3
73.5
72.7
72.5
71.9
71.3
70.3
60.3
60.2
60.1
59.9
59.8
59.6
59.5
59.4
62.0
63.5
64.8
65.7
66.2
67.4
68.5
69.5
70.4
69.8
69.2
69.1
68.7
68.5
68.1
67.6
67.2
66.7
66.3
66.0
65.6
65.3
65.0
64. 7
66.6
68.1
69.2
70.0
70.4
71.5
72.5
73.3
74.1
73.4
72.7
72.5
71.9
71.6
71.1
60.3
60.3
60.3
60.2
60.1
60.0
59.9
59.8
62.3
63.6
64.7
65.4
65.8
67.0
68.1
69.1
70.0
69.5
68.9
68.9
68.5
68.4
68.2
68.0
67.7
67.4
67. 1
66.8
66.5
66.1
65.8
65.5
67.4
68.6
69.6
70.2
70.4
71.5
72.4
73.3
74.0
73.4
72.7
72.5
72.0
71.8
71.5
68.8 69.4 70.6 71.2 71.4
TIME TAIR TW
65.7 66.7
65.2 66.3
64.7 66.0
64.4 65.6
64.0 65.3
63.7 64.9
63.4 64.6
63.1 64.3
63.7 64.7
64.8 65.3
65.9 66.0
66.8 66.7
67.5 67.2
68.3 68.0
69.0 68.8
69.7 69.5
70.4 70.2
70.6 70.4
70.7 70.6
70.8 70.8
70.8 70.9
70.5 70.8
69.6 70.5
68.8 70.0
60.4
60.4
60.4
60.3
60.2
60.1
60.0
60.0
62.4
63.7
64.7
65.3
65.7
66.9
68.0
69.0
69.9
69.4
68.8
68.8
68.4
68.3
68.3
68.1
67.9
67.7
67.4
67.1
66.7
66.4
66.1
65.8
67.7
68.9
69.7
70.3
70.5
71.5
72.4
73.2
74.0
73.4
72.7
72.5
72.0
71.8
71.6
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
I
AA-18 DAY 3
half the pipe spacing = 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR F1 F31 F61 F91 F121.
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
70.3
69.8
69.4
68.9
68.5
68.1
67.7
67.4
74.2
75.7
76.8
76.9
76.4
78.2
79.5
80.3
81.0
77.8
75.7
75.4
74.0
73.6
73.0
72.4
67.4
66.8
66.3
65.8
65.4
65.0
64.7
64.4
65.7
67.0
68.2
69.0
69.6
70.3
71.0
71.6
72.2
72.3
72.3
72.4
72.3
71.5
70.3
69.3
68.2
67.6
67.1
66.6
66.2
65.8
65.4
65. 1
66.0
67.0
68.0
68.8
69.4
70.1
70.8
71.4
72.0
72.2
72.2
72.3
72.3
71.8
'li.0
70.1
69.6
69. 1
68.6
68.2
67.8
67.3
67.0
66.6
67.1
67.6
68.3
68.9
69.4
70.1
70.8
71.4
72.0
72.2
72.3
72.5
72.5
72.4
72.0
71.5
70.5
70.1
69.8
69.4
68.9
68.5
68.1
67.7
68.1
68.4
68.8
69.2
69.6
70.2
70.9
71.5
72.2
72.4
72.5
72.7
72.7
72.7
72.6
72.4
70.8
70.5
70.1
69.8
69.4
69.0
68.5
68.2
68.5
68.7
69.0
69.3
69.7
70.3
70.9
71.6
72.2
72.4
72.6
72.8
72.8
72.8
72.8
72.7
slab thickness = 8.0 inches
power density = 3.5 watts/sq.ft.
pipe radius = .38 inches
daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
65.4
64.9
64.4
64.0
63.7
63.4
63.0
62.7
64.4
65.6
66.6
67.4
68.1
68.6
69.2
69.7
70.2
70.6
70.9
70.9
70.9
69.1
67.9
67.1
69.1
68.6
68.2
67.7
67.3
66.9
66.5
66.2
66.2
66.8
67.5
68.3
68.9
69.5
70.1
70.8
71.4
72.0
72.3
72.4
72.4
72.2
71.6
71.1
70.4
70.1
69.7
69.3
68.9
68.5
68.1
67.7
67.5
67.7
68. 1
68.7
69.3
69.8
70.4
71.0
71.7
72.3
72.6
72.8
72.9
72.8
72.7
72.4
70.8
70.5
70.1
69.7
69.3
68.9
68.5
68.1
67.9
68.0
68.4
68.9
69.4
69.9
70.5
71.1
71.8
72.4
72.7
72.9
73.0
73.0
72.9
72.7
C9 C39 C69 C99 C129
68.0
67.4
66.9
66.4
66.0
65.6
65.3
65.0
68.0
70.1
71.6
72.5
72.8
73.8
74.7
75.4
76.1
75.3
74.4
74.1
73.4
72.3
71.0
70.0
68.7
68. 1
67.6
67.1
66.7
66.3
65.9
65.6
68.3
70.0
71.4
72.2
72.6
73.6
74.5
75.3
75.9
75. i
74.3
74.0
73.4
72.7
71.7
70.7
70.0
69.5
69.0
68.5
68.1
67.7
67.3
67.0
69.3
70.5
71.6
72.3
72.6
73.5
74.5
75.2
75.9
75.2
74.4
74.2
73.6
73.2
72.6
72.0
70.8
70.4
70.0
69.6
69.2
68.7
68.3
68.0
70.2
71.2
72.1
72.6
72.7
73.6
74.6
75.3
76.0
75.3
74.6
74.3
73.8
73.5
73.2
72.8
71.1
70.7
70.3
69.9
69.5
69.1
68.7
68.3
70.5
71.5
72.3
72.7
72.8
73.7
74.6
75.4
76.1
75.4
74.6
74.4
73.9
73.6
73.4
73.1
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
ON
AA- 19
half the pipe spacing = 6.0 inches
location of pipe - 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR F1 F31 F61 F91 F121
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
60.6
60.2
59.8
59.4
59.0
58.6
58.3
58.1
62.9
64.5
65.8
66.5
66.7
68.6
69.9
70.9
71.8
69.8
68.7
68.8
68.1
68.0
67.3
66.5
DAY 2
65.7
65.0
64.3
63.6
63.0
62.4
61.9
61.5
65.5
67.1
68.3
68.9
69.0
70.8
71.9
72.8
73.6
71.6
70.4
70.4
69.6
69.4
68.6
67.8
59.8
59.2
~58 .7
58.2
57.8
57.5
57.2
56.9
58.2
59.7
61.1
62.1
63.0
63.9
64.8
65.6
66.4
66.8
67.1
67.5
67.8
67.0
65.8
64.7
63.9
63.1
62.5
61.9
61.4
60.9
60.4
59.9
60.6
62.0
63.3
64.3
65.0
65.9
66.6
67.4
68.0
68.4
68.6
68.9
69.1
68.3
66.9
65.8
59.8
59.3
58.8
58.4
58.0
57.6
57.3
57.0
58.0
59.4
60.6
61.7
62.6
63.5
64.4
65.3
66.0
66.5
66.8
67.2
67.5
67.0
66.0
65.0
64.2
63.5
62.8
62.2
61.6
61.1
60.6
60.1
60.6
61.8
63.0
63.9
64.7
65.5
66.3
67.0
67.7
68.1
68.4
68.7
68.9
68.3
67.2
66.2
59.9
59.6
59.1
58.7
58.3
58.0
57.6
57.3
57.9
58.9
59.9
60.9
61.8
62.8
63.7
64.6
65.5
66.0
66.4
66.8
67.1
67.0
66.4
65.6
64.9
64.2
63.5
62.9
62.3
61.7
61.2
60.7
60.8
61.6
62.5
63.3
64.1
64.9
65.8
66.5
67.3
67.7
68.0
68.3
68.5
68.4
67.7
66.9
60.0
59.8
59.5
59.1
58.7
58.3
58.0
57.6
58.0
58.6
59.5
60.4
61.2
62.2
63.2
64.1
65.0
65.6
66.0
66.5
66.8
67.0
66.7
66.2
65.5
64.8
64.1
63.5
62.9
62.3
61.7
61.2
61.2
61.5
62.2
62.9
63.6
64.5
65.4
66.2
66.9
67.4
67.7
68. 1
68.3
68.4
68.1
67.5
60. 1
59.9
59.6
59.2
58.8
58.4
58.1
57.7
58.0
58.5
59.3
60.2
61.0
62.1
63.0
64.0
64.9
65.4
65.9
66.4
66.7
66.9
66.8
66.3
65.7
65.1
64.4
63.7
63.1
62.5
61.9
61.4
61.3
61.5
62.1
62.8
63.5
64.4
65.2
66.0
66.8
67.3
67.6
68.0
68.3
68.4
68. 2
67.7
slab thickness = 8.0 inches
power density = 2.5 watts/sq.ft.
pipe radius = .38 inches
daytime water temperature = 60.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
56.8
56.0
55.6
55.3
55.0
54.8
54.5
54.3
58.6
60.2
61.3
62.2
62.9
63.6
64.2
64.9
65.5
66.0
66.3
66.6
66.8
62.5
61.1
60.3
59.7
59.1
58.7
58.2
57.8
57.4
57.0
56.6
60.2
62.0
63.0
63.8
64.5
65.1
65.6
66.2
66.7
67.2
67.5
67.7
67.9
63.5
62.0
61.2
59.3
58.7
58.2
57.8
57.5
57. 1
56.8
56.5
57.5
58.8
59.9
61.0
61.9
62.7
63.6
64.4
65.2
65.9
66.4
66.8
67.1
66.1
65.1
64.3
63.6
62.9
62.3
61.7
61.2
60.6
60.1
59.7
60.1
61.3
62.3
63.2
64.0
64.7
65.5
66.2
66.9
67.5
67.9
68.2
68.5
67.4
66.3
65.5
59.8
59.5
59.1
58.8
58.4
58.0
57.7
57.3
57.5
58.2
59.1
60.2
61.1
62.1
63.0
63.9
64.8
65.5
66. 1
66.5
66.9
66.8
66.4
65.7
65.1
64.4
63.7
63.1
62.5
61.9
61.3
60.8
60.6
61.0
61.8
62.6
63.5
64.3
65.1
65.9
66.6
67.3
67.8
68.1
68.4
68.3
67.7
67.0
59.9
59.7
59.4
59.0
58.6
58.3
57.9
57.6
57.5
58.0
58.9
59.9
60.9
61.8
62.8
63.7
64.6
65.4
66.0
66.4
66.8
66.9
66.7
66.1
65.5
64.8
64.1
63.5
62.9
62.3
61.7
61.1
60.8
61.0
61.6
62.5
63.3
64.1
64.9
65.7
66.5
67.2
67.7
68.1
68.4
68.4
68.1
67.5
60.0
59.4
58.9
58.5
58.1
57.8
57.5
57.2
59.7
61.8
63.4
64.5
65.2
66.3
67.4
68.3
69.1
68.8
68.6
68.6
68.5
67.5
66.2
65.2
64.3
63.5
62.9
62.3
61.7
61.2
60.7
60.3
62.0
64.0
65.6
66.6
67.2
68.3
69.2
70.0
70.7
70.4
70.0
70.0
69.8
68.8
67.4
66.3
60.0
59.5
59.1
58.6
58.3
57.9
57.6
57.3
59.6
61.4
63.0
64.0
64.8
66.0
67.0
67.9
68.8
68.5
68.3
68.4
68.2
67.6
66.4
65.4
64.6
63.8
63.2
62.5
62.0
61.4
60.9
60.5
62.0
63.8
65.2
66.3
66.9
68.0
68.9
69.7
70.5
70.2
69.8
69.8
69.6
68.9
67.7
66.6
60. 1
59.8
59.4
59.0
58.6
58.2
57.9
57.6
59.5
60.9
62.3
63.3
64.1
65.3
66.4
67.3
68.2
68.1
67.8
68.0
67.8
67.6
66.8
66.0
65.2
64.5
63.8
63.2
62.6
62.0
61.4
61.0
62.2
63.5
64.8
65.7
66.3
67.4
68.4
69.3
70. 1
69.8
69.5
69.5
69.3
69.0
68.2
67.3
60.2
60.0
59.7
59.3
58.9
58.5
58.2
57.9
59.5
60.7
61.9
62.8
63.5
64.8
65.9
66.9
67.8
67.7
67.5
67.7
67.6
67.5
67.1
66.5
65.8
65.1
64.4
63.7
63.1
62.5
61.9
61.4
62.5
63.5
64.5
65.4
65.9
67.0
68.0
68.9
69.8
69.5
69.2
69.3
69.1
69.0
68.5
67.8
60.3
60.1
59.8
59.4
59.0
58.6
58.3
58.0
59.6
60.6
61.7
62.6
63.4
64.6
65.8
66.8
67.7
67.6
67.4
67.6
67.5
67.5
67.2
66.7
66.0
65.3
64.6
63.9
63.3
62.7
62. 1
61.6
62.6
63.5
64.4
65.2
65.8
66.9
67.9
68.8
69.7
69.4
69.2
69.2
69.1
69.0
68.6
68.0
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
AA-19 DAY 3
half the pipe spacing = 6.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness = 8.0 inches pipe radius = .38 inches
power density 2.5 watts/sq.ft.
daytime water temperature = 60.0 (F)
Fi F31 F61 F91 F121 M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
64.9
64.2
63.5
62.8
62.2
61.7
61.1
60.6
61.7
63.1
64.3
65.2
65.9
66.6
67.4
68.0
68.7
69.0
69.2
69.5
69.6
68.8
67.4
65.3
64.5
63.8
63.1
62.5
62.0
61.4
60.9
61.7
62.9
64.0
64.8
65.5
66.3
67.1
67.8
68.4
68.7
69.0
69.3
69.4
68.8
67.7
66.1
65.3
64.6
63.9
63.2
62.6
62.0
61.5
61.9
62.6
63.5
64.3
65.0
65.8
66.6
67.3
68.0
68.4
68.6
69.0
69.1
69.0
68.2
66.7
66.0
65.3
64.5
63.9
63.2
62.6
62.0
62.2
62.5
63.2
63.9
64.6
65.4
66.2
67.0
67.7
68.1
68.4
68.8
69.0
69.0
68.6
67.0
66.3
65.5
64.8
64.1
63.4
62.8
62.2
62.3
62.5
63.1
63.8
64.5
65.3
66.1
66.9
67.6
68.0
68.3
68.7
68.9
69.0
68.8
66.3 66.6 67.4 68.0 68.2
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
60.5
59.9
59.4
58.9
58.4
58.0
57.6
57.2
61.4
62.9
63.8
64.5
65.2
65.7
66.2
66.7
67.2
67.7
68.0
68. 1
68.3
63.9
62.4
64.7
64.0
63.3
62.6
62.0
61.5
60.9
60.4
61.2
62.3
63.2
64.1
64.9
65.5
66.2
66.9
67.6
68.1
68.5
68.8
69.0
67.9
66.8
66.3
65.5
64.8
64. 1
63.5
62.8
62.2
61.6
61.5
62.1
62.8
63.6
64.4
65.2
65.9
66.7
67.4
68.0
68.5
68.8
69.0
68.9
68.3
66.8
66.0
65.3
64.6
63.9
63.2
62.6
62.0
61.7
62.0
62.7
63.5
64.3
65.0
65.8
66.5
67.3
67.9
68.4
68.7
69.0
69.0
68.6
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
TIME TAIR
66.9
66.1
65.4
64.6
64.0
63.3
62.8
62.3
67.0
68.3
69.4
69.9
69.9
71.5
72.8
73.6
74.3
72.3
71.0
71.0
70.2
69.9
69.2
43.0 61.5 65.9 67.5 68.0
TW
65.4
64.6
63.9
63.2
62.6
62.0
61.5
61.0
63.3
65.2
66.6
67.5
68.1
69.0
69.9
70.7
71.4
71.0
70.6
70.6
70.3
69.3
67.9
66.7
65.7
64.9
64.2
63.5
62.9
62.3
61.7
61.2
63.3
65.0
66.3
67.2
67.8
68.7
69.7
70.5
71.2
70.8
70.4
70.4
70.2
69.4
68.2
67.172.0 68.3
66.4
65.6
64.9
64.2
63.5
62.9
62.3
61.8
63.4
64.7
65.9
66.7
67.3
68.2
69.2
70.0
70.8
70.5
70.1
70.1
69.9
69.5
68.7
67.8
67.0
66.3
65.5
64.8
64.1
63.4
62.8
62.3
63.7
64.6
65.6
66.4
66.9
67.9
68.9
69.7
70.5
70.2
69.9
70.0
69.7
69.6
69.1
68.3
67.3
66.5
65.7
65.0
64.3
63.6
63.0
62.5
63.8
64.6
65.5
66.2
66.8
67.8
68.8
69.6
70.4
70.2
69.9
69.9
69.7
69.6
69.2
68.6
43.0
43.0
43.0
43.0
43.-0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
00
AA-20
half the pipe spacing 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
F1 F31 F61 F91 F121
60.6
60.4
60.3
60.1
59.9
59.8
59.6
59.6
64.6
66.1
67.3
67.9
68.0
69.8
71.1
72.0
72.9
70.9
69.8
69.9
69.2
69.1
68.7
68.2
DAY 2
67.7
67.2
66.8
66.4
66.0
65.7
65.3
65.1
69.3
70.9
72.0
72.5
72.4
74. 1
75.2
76.0
76.7
74.7
73.4
73.4
72.6
72.4
71.9
71.3
60.0
59.6
59.0
58.8
58.6
58.5
58.3
59.9
61.8
63.3
64.5
65.5
66.5
67.3
68.1
68.8
69.2
69.5
69.8
70.1
69.1
67.7
66.6
65.7
65.1
64.5
64.1
63.7
63.3
63.0
62.7
63.7
65.4
66.9
68.1
69.0
69.8
70.6
71.3
71.9
72.2
72.4
72.6
72.8
71.8
70.3
69.1
60.0
59.7
59.4
59.1
58.9
58.7
58.6
58.5
59.5
60.9
62.3
63.4
64.3
65.3
66.2
67.0
67.8
68.2
68.5
68.9
69.2
68.8
67.9
67.0
66.2
65.6
65.1
64.7
64.3
63.9
63.6
63.3
63.8
65.0
66.3
67.3
68.2
69.0
69.8
70.5
71.2
71.5
71.7
72.0
72.2
71.7
70.7
69.7
60.0
59.9
59.7
59.6
59.4
59.2
59.1
58.9
59.5
60.3
61.2
62.1
62.9
63.8
64.7
65.5
66.4
66.8
67.3
67.7
68.0
68.2
68.0
67.6
67.1
66.7
66.3
65.9
65.5
65.2
64.8
64.5
64.7
65.2
65.9
66.7
67.3
68.1
68.9
69.6
70.3
70.6
70.9
71.2
71.5
71.5
71.2
70.7
60.1
60.1
60.0
59.9
59.8
59.6
59.5
59.4
59.8
60.2
60.8
61.4
62.0
62.9
63.7
64.6
65.4
66.0
66.4
66.9
67.3
67.6
67.8
67.8
67.6
67.4
67.1
66.8
66.4
66.1
65.8
65.4
65.6
65.8
66.1
66.5
67.0
67.7
68.3
69.0
69.7
70.1
70.4
70.8
71.0
71.2
71.3
71.2
slab thickness = 8.0 inches
power density 2.5 watts/sq.ft.
pipe radius = .38 inches
daytime water temperature = 60.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
60.1
60.1
60.1
60.0
59.9
59.8
59.6
59.5
59.9
60.3
60.7
61.2
61.8
62.6
63.4
64.3
65.1
65.7
66.1
66.6
67.0
67.4
67.7
67.8
67.7
67.6
67.4
67.1
66.8
66.4
66.1
65.8
65.9
66.0
66.2
66.6
66.9
67.5
68.2
68.9
69.5
69.9
70.3
70.6
70.9
71.1
71.3
71.3
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
58.6
58.1
57.8
57.6
57.4
57.2
57.1
57.0
59.5
61.3
62.6
63.6
64.5
65.3
66.0
66.7
67.4
68.0
68.4
68.7
68.9
66.6
65.2
64.3
63.7
63.2
62.7
62.4
62.0
61.7
61.4
61.2
62.9
64.8
66.0
67.0
67.8
68.5
69.1
69.8
70.3
70.8
71.1
71.4
71.5
69.1
67.6
66.7
59.9
59.7
59.5
59.3
59.1
59.0
58.8
58.7
59.0
59.9
60.9
61.8
62.7
63.6
64.4
65.3
66.1
66.8
67.4
67.8
68.1
68.1
67.6
67.2
66.7
66.3
65.9
65.5
65.1
64.8
64.4
64.1
64.1
64.7
65.5
66.3
67.1
67.8
68.5
69.2
69.9
70.5
70.9
71.3
71.5
71.3
70.8
70.2
60.0
60.0
59.9
59.8
59.7
59.6
59.4
59.3
59.3
59.7
60.3
61.1
61.8
62.6
63.4
64.3
65. 1
65.9
66.5
67.0
67.4
67.7
67.8
67.7
67.6
67.3
67.0
66.7
66.4
66.0
65.7
65.4
65.1
65.2
65.6
66.2
66.7
67.4
68.0
68.7
69.4
70.0
70.5
70.9
71.1
71.3
71.3
71.1
60.0
60.0
60.0
60.0
59.9
59.7
59.6
59.5
59.5
59.8
60.2
60.9
61.6
62.3
63.1
63.9
64.8
65.6
66.2
66.7
67. 1
67.5
67.7
67.8
67.7
67.6
67.4
67.1
66.8
66.4
66.1
65.8
65.5
65.5
65.8
66.2
66.7
67.2
67.9
68.5
69.2
69.9
70.4
70.7
71.0
71.2
71.3
71.3
60.2
59.8
59.5
59.3
59.1
58.9
58.8
58.7
61.5
63.8
65.6
66.8
67.6
68.7
69.8
70.6
71.4
71.1
70.8
70.8
70.6
69.5
68.1
67.0
66. 1
65.5
64.9
64.5
64. 1
63.8
63.4
63.2
65.2
67.5
69.3
70.4
71.1
72.2
73.1
73.9
74.6
74.2
73.8
73.7
73.4
72.3
70.7
69.5
60.2
59.9
59.6
59.4
59.2
59.0
58.9
58.8
61.0
63.0
64.6
65.7
66.5
67.7
68.7
69.6
70.4
70.2
69.9
70.0
69.8
69.3
68.3
67.4
66.6
66.0
65.5
65.0
64.6
64.3
64.0
63.7
65.2
67.1
68.6
69.7
70.4
71.4
72.4
73.2
73.9
73.5
73.1
73.1
72.8
72.2
71.1
70.1
60.2
60.1
60.0
59.8
59.6
59.5
59.3
59.2
61.1
62.3
63.6
64.5
65.1
66.3
67.4
68.3
69.1
69.0
68.7
68.9
68.8
68.8
68.4
67.9
67.4
67.0
66.6
66.1
65.8
65.4
65.1
64.8
66.0
67.2
68.3
69.1
69.6
70.6
71.5
72.3
73.1
72.7
72.4
72.4
72.2
72.1
71.6
71.0
60.3
60.3
60.2
60.1
60.0
59.8
59.7
59.6
61.3
62.3
63.2
63.9
64.4
65.5
66.5
67.4
68.3
68.2
68.0
68.2
68.1
68.2
68.3
68. 1
67.9
67.6
67.3
66.9
66.6
66.3
65.9
65.6
66.8
67.7
68.4
69.0
69.3
70.2
71.0
71.8
72.6
72.3
72.0
72.0
71.9
71.9
71.7
71.5
TW
60.3
60.3
60.2
60.2
60.1
60.0
59.8
59.7
61.4
62.3
63.1
63.7
64.2
65.2
66.2
67.2
68.1
67.9
67.8
68.0
67.9
68.1
68.2
68.1
68.0
67.8
67.5
67.2
66.'9
66.6
66.2
65.9
67.1
67.9
68.5
69.0
69.2
70.1
70.9
71.7
72.4
72.1
71.8
71.9
71.7
71.8
71.7
71.6
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
H
AA-20 DAY 3
half the pipe spacing = 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness = 8.0 inches
power density 2.5 watts/sq.ft.
pipe radius = .38 inches
daytime water temperature = 60.0 (F)
F1 F31 F61 F91 F121
68.1
67.4
66.8
66.2
65.8
65.4
65.0
64.6
66.0
67.7
69.1
70.1
70.8
71.6
72.3
72.9
73.5
73.7
73.9
74.1
74.2
73.1
71.6
70.3
68.9
68.2
67.6
67.0
66.6
66.1
65.7
65.4
66.2
67.4
68.5
69.5
70.2
71.0
71.7
72.3
72.9
73.2
73.3
73.6
73.7
73.2
72.1
71.1
70.1
69.6
69. 1
68.6
68.2
67.7
67.3
66.9
67.2
67.7
68.4
69.0
69.6
70.3
71.0
71.6
72.2
72.5
72.8
73.0
73.2
73.2
72.8
72.3
70.9
70.6
70.2
69.8
69.3
68.9
68.5
68.1
68.2
68.4
68.7
69.0
69.4
70.0
70.6
71.3
71.9
72.2
72.5
72.8
72.9
73.1
73.1
72.9
71.1
70.9
70.5
70.2
69.7
69.3
68.9
68.5
68.6
68.7
68.8
69.1
69.4
69.9
70.5
71.1
71.8
72. 1
72.4
72.7
72.8
73.0
73.1
73.0
M5 M35 M65 M95 M125
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
66.0
65.4
64.9
64.4
64.0
63.6
63.3
63.0
65.3
66.9
68.0
68.9
69.6
70.2
70.8
71.3
71.8
72.3
72.5
72.7
72.8
70.4
68.9
67.9
69.7
69.1
68.6
68.2
67.7
67.3
66.9
66.5
66.5
67.2
67.9
68.7
69.3
70.0
70.6
71.2
71.8
72.4
72.8
73.0
73.2
73.0
72.4
71.7
70.9
70.5
70.1
69.7
69.3
68.8
68.4
68.0
67.7
67.8
68.2
68.7
69.2
69.7
70.3
70.9
71.6
72.1
72.5
72.8
73.0
73.1
73.1
72.8
71.1
70.9
70.5
70.2
69.7
69.3
68.9
68.5
68.2
68.2
68.4
68.7
69.2
69.7
70.2
70.8
71.5
72.0
72.5
72.7
73.0
73.1
73.2
73.1
C9 C39 C69 C99 C129
68.6
67.9
67.2
66.7
66.3
65.8
65.5
65.1
67.7
69.9
71.5
72.5
73.0
74.0
74.9
75.6
76.2
75.7
75.3
75.2
74.8
73.6
72.0
70.8
69.3
68.6
68.0
67.4
67.0
66.5
66. 1
65.8
67.8
69.5
70.9
71.9
72.4
73.4
74.3
75.0
75.6
75.2
74.8
74.7
74.4
73.7
72.6
71.5
70.5
69.9
69.4
68.9
68.4
68.0
67.5
67.2
68.7
69.8
70.8
71.5
71.9
72.7
73.6
74.4
75.0
74.7
74.3
74.2
74.0
73.8
73.3
72.6
71.2
70.8
70.3
69.9
69.5
69.0
68.6
68.2
69.7
70.4
71.0
71.4
71.7
72.5
73.3
74.0
74.7
74.4
74.0
74.0
73.7
73.7
73.5
73.2
71.4.
71.0
70.7
70.3
69.8
69.4
69.0
68.6
70.0
70.6
71.1
71.5
71.7
72.4
73.2
73.9
74.6
74.3
73.9
73.9
73.7
73.6
73.5
73.4
TIME TAIR
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
70.7
70.1
69.6
69.1
68.7
68.2
67.8
67.5
72.3
73.5
74.5
74.8
74.7
76.2
77.3
78.0
78.7
76.6
75.2
75.2
74.3
74.1
73.5
72.8
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
(,
C
AA-21
half the pipe spacing = 6.0 inches
location of pipe f 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness 8.0 inches
power density 3.0 watts/sq.ft.
pipe radius = .38 inches
daytime water temperature = 60.0 (F)
F1 F3i F61 F91 F121
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
60.7
60.3
59.9
59.5
59. I
58.8
58.4
58.2
64.1
65.9
67.3
68.0
68.1
70.3
71.7
72.8
73.8
71.4
69.9
70.0
69.0
68.8
68.1
67.3
DAY 2
66.5
65.7
65.0
64.3
63.7
63.1
62.5
62.1
67.0
68.9
70.2
70.8
70.7
72.8
74.1
75.0
75.9
73.4
71.8
71.8
70.7
70.4
69.7
68.7
59.8
59.2
58.7
58.3
57.9
57.5
57.2
56.9
58.3
60.0
61.4
62.5
63.4
64.4
65.4
66.2
67.1
67.5
67.8
68.2
68.4
67.6
66.4
65.3
64.5
63.7
63.0
62.4
61.9
61.3
60.8
60.4
61.1
62.6
63.9
65.0
65.7
66.6
67.5
68.2
68.9
69.3
69.5
69.8
69.9
69.1
67.7
66.6
59.8
59.3
58.8
58. 4
58.0
57.7
57.3
57.1
58.2
59.6
61.0
62.1
63.0
64.0
65.0
65.9
66.7
67.2
67.5
67.9
68.2
67.7
66.6
65.6
64.8
64.0
63.4
62.7
62.2
61.6
61.1
60.6
61.1
62.4
63.6
64.6
65.4
66.3
67.2
67.9
68.7
69.0
69.3
69.6
69.7
69.2
68.0
67.0
60.0
59.6
59.2
58.8
58.4
58.0
57.7
57.4
58.1
59.1
60.3
61.3
62.3
63.3
64.3
65.3
66.2
66.7
67.1
67.5
67.8
67.7
67.1
66.3
65.5
64.8
64.1
63.5
62.8
62.2
61.7
61.2
61.4
62.2
63.2
64.1
64.8
65.8
66.7
67.5
68.3
68.7
69.0
69.3
69.5
69.3
68.6
67.7
M5 M35 M65 M95 MI25
60.0
59.8
59.5
59.1
58.7
58.4
58.0
57.7
58.2
58.8
59.8
60.8
61.7
62.8
63.8
64.8
65.8
66.3
66.8
67.2
67.5
67.7
67.4
66.9
66.2
65.5
64.8
64.1
63.4
62.8
62.2
61.7
61.8
62.2
62.9
63.7
641.4
65.4
66.3
67.2
68.0
68.4
68.8
69.1
69.3
69.4
69.0
68.4
60.1
59.9
59.6
59.2
58.9
58.5
58. 1
57.8
58.2
58.8
59.6
60.6
61.5
62.6
63.7
64.7
65.6
66.2
66.7
67.1
67.5
67.7
67.5
67.1
66.4
65.7
65.0
64.3
63.7
63.0
62.5
61.9
61.9
62.2
62.8
63.6
64.3
65.2
66.2
67.0
67.9
68.3
68.7
69. I
69.3
69.4
69.2
68.6
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
56.8
56.1
55.6
55.3
55.0
54.8
54.5
54.3
58.7
60.4
61.5
62.4
63.2
63.9
64.6
65.3
66.0
66.5
66.9
67.2
67.4
63.1
61.6
60.8
60.1
59.6
59. 1
58.6
58.2
57.8
57.4
57.0
60.5
62.4
63.5
64.3
65.0
65.6
66.2
66.8
67.4
67.9
68.2
68.4
68.5
64.2
62.7
61.8
59.3
58.7
58.2
57.9
57.5
57.2
56.9
56.6
57.6
59.0
60.2
61.3
62.3
63.2
64. i
65.0
65.8
66.6
67.1
67.5
67.8
66.8
65.8
64.9
64.2
63.5
62.9
62.2
61.7
61.1
60.6
60.1
60.6
61.8
62.8
63.8
64.7
65.5
66.2
67.0
67.8
68.4
68.9
69.1
69.3
68.3
67.2
66.2
C9 C39 C69 C99 C129
59.8
59.5
59.2
58.8
58.4
58.1
57.7
57.4
57.5
58.3
59.4
60.5
61.5
62.5
63.5
64.5
65.4
66.3
66.9
67.3
67.7
67.6
67.1
66.4
65.7
65.0
64.3
63.7
63.0
62.4
61.9
61.3
61.1
61.6
62.4
63.3
64.2
65.1
65.9
66.8
67.6
68.3
68.8
69.2
69.4
69.2
68.6
67.9
59.9
59.7
59.4
59.0
58.7
58.3
58.0
57.6
57.6
58.2
59.2
60.2
61.3
62.3
63.3
64.3
65.3
66.2
66.8
67.2
67.6
67.7
67.4
66.8
66.2
65.5
64.8
64.1
63.4
62.8
62.2
61.7
61.3
61.6
62.3
63.2
64.1
64.9
65.8
66.7
67.5
68.3
68.8
69.1
69.4
69.4
69.0
68.4
60.0
59.5
59.0
58.6
58.2
57.9
57.6
57.3
60.2
62.4
64.2
65.3
66.0
67.3
68.5
69.4
70.3
70.0
69.5
69.5
69.3
68.3
66.9
65.8
64.9
64.2
63.5
62.9
62.3
61.7
61.2
60.8
62.8
65.0
66.7
67.8
68.4
69.6
70.6
71.4
72.2
71.8
71.2
71.2
70.8
69.7
68.3
67.1
60.1
59.6
59.1
58.7
58.3
58.0
57.7
57.4
60.0
62.1
63.8
64.9
65.6
67.0
68.1
69.1
70.0
69.7
69.3
69.3
69.1
68.3
67.2
66. 1
65.2
64.5
63.8
63.1
62.5
62.0
61.4
61.0
62.8
64.8
66.4
67.5
68.1
69.3
70.3
71.2
72.0
71.5
71.0
71.0
70.6
69.8
68.6
67.5
60.2
59.8
59.4
59.0
58.7
58.3
58.0
57.7
59.9
61.6
63.1
64.2
65.0
66.3
67.5
68.6
69.5
69.2
68.9
68.9
68.7
68.4
67.6
66.7
65.9
65.2
64.5
63.8
63.2
62.6
62.0
61.5
63.0
64.6
65.9
67.0
67.5
68.8
69.8
70.8
71.6
71.2
70.7
70.7
70.4
70.0
69.1
68.2
TIME TAIR TW
60.3
60.0
59.7
59.4
59.0
58.6
58.3
58.0
60.0
61.3
62.7
63.7
64.4
65.8
67.1
68.2
69.2
68.9
68.6
68.7
68.5
68.4
67.9
67.3
66.5
65.8
65. 1
64.4
63.7
63.1
62.5
62.0
63.4
64.6
65.7
66.6
67.2
68.4
69.5
70.5
71.4
71.0
70.6
70.6
70.3
70.1
69.5
68.8
60.3
60.1
59.8
59.5
59.1
58.7
58.4
58.1
60.1
61.3
62.5
63.5
64.3
65.6
66.9
68.0
69.0
68.8
68.5
68.6
68.4
68.4
68.1
67.5
66.7
66.0
65.3
64.6
63.9
63.3
62.7
62.2
63.5
64.6
65.6
66.5
67.1
68.3
69.4
70.4
71.3
70.9
70.5
70.5
70.2
70.1
69.7
69.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
H
U,
H
half the pipe spacing = 6.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness = 8.0 inches
power density 3.0 watts/sq.ft.
pipe radius = .38 inches
daytime water temperature = 60.0 (F)
F1 F31 F61 F91 F121
65.7
64.9
64.1
63.5
62.9
62.3
61.7
61.2
62.4
63.8
65.0
65.9
66.7
67.5
68.3
69.0
69.7
70.0
70.2
70.4
70.5
69.6
68.3
67.1
66.0
65.2
64.5
63.8
63.2
62.6
62.0
61.5
62.4
63.6
64.7
65.6
66.4
67.2
68.0
68.7
69.4
69.8
70.0
70.2
70.3
69.7
68.6
67.5
66.9
66.1
65.3
64.6
63.9
63.3
62.7
62.1
62.6
63.4
64.3
65.1
65.9
66.7
67.6
68.3
69.1
69.4
69.7
70.0
70.1
69.9
69.2
68.3
67.6
66.8
66.0
65.3
64.6
63.9
63.3
62.7
62.9
63.3
64.0
64.8
65.5
66.4
67.2
68.1
68.8
69.2
69.5
69.8
70.0
70.0
69.6
68.9
67.9
67.1
66.3
65.6
64.8
64.2
63.5
62.9
63.0
63.3
64.0
64.7
65.4
66.3
67.1
68.0
68.8
69.2
69.5
69.8
70.0
70.1
69.8
69.2
M5 M35 M65 M95 M125
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
61.1
60.5
59.9
59.4
58.9
58.5
58.0
57.6
61.8
63.3
64.3
65.1
65.7
66.3
66.9
67.4
68.0
68.4
68.7
68.9
69.0
64.6
63.1
62.2
65.4
64.7
64.0
63.3
62.7
62.1
61.5
61.0
61.8
62.9
63.9
64.8
65.6
66.4
67.1
67.8
68.5
69.1
69.5
69.8
69.9
68.9
67.7
66.8
67. 1
66.4
65.6
64.9
64.2
63.5
62.9
62.3
62.2
62.7
63.5
64.4
65.3
66.0
66.8
67.6
68.4
69.1
69.6
69.9
70.1
69.9
69.2
68.5
67.6
66.8
66.1
65.3
64.6
63.9
63.3
62.7
62.3
62.7
63.4
64.3
65. 1
65.9
66.7
67.6
68.4
69.1
69.5
69.9
70.1
70. 1
69.6
69.0
C9 C39 C69 C99 C129
66.2
65.3
64.6
63.9
63.3
62.7
62.1
61.6
64.3
66.3
67.8
68.8
69.3
70.4
71.4
72.2
73.0
72.4
71.9
71.8
71.4
70.3
68.9
67.6
66.5
65.7
64.9
64.2
63.6
63.0
62.4
61.9
64.3
66.1
67.6
68.5
69.1
70.1
71.1
72.0
72.8
72.3
71.7
71.6
71.2
70.4
69.1
68.0
67.3
66.5
65.7
64.9
64.3
63.6
63.0
62.4
64.4
65.9
67.2
68.0
68.6
69.7
70.7
71.6
72.4
72.0
71.5
71.4
71.0
70.6
69.7
68.7
68.0
67.1
66.3
65.6
64.9
64.2
63.5
63.0
64.7
65.8
66.9
67.7
68.3
69.3
70.4
71.4
72.2
71.8
71.3
71.3
70.9
70.7
70.1
69.4
68.2
67.4
66.6
65.8
65.1
64.4
63.7
63.2
64.9
65.8
66.8
67.6
68.1
69.2
70.3
71.3
72.1
71.7
71.3
71.2
70.9
70.7
70.3
69.6
TIME TAIR
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
67.8
67.0
66.2
65.5
64.8
64.1
63.5
63.0
68.7
70.2
71.4
71.9
71.8
73.6
75.0
75.9
76.7
74.2
72.5
72.5
71.4
71.1
70.3
69.3
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
U,
AA-21 DAY 3
AA-22
half the pipe spacing 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness = 8.0 inches
power density 3.0 watts/sq.ft.
pipe radius = .38 inches
daytime water temperature = 60.0 (F)
Fi F31 F61 F91 F121
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
60.7
60.5
60.4
60.2
60.1
59.9
59.8
59.8
65.8
67.5
68.9
69.5
69.5
71.6
73.0
74.0
74.9
72.5
71.1
71.1
70.2
70.1
69.6
69.1
DAY 2
68.6
68.1
67.7
67.3
66.9
66.5
66.1
65.9
71.0
72.8
74.1
74.6
74.4
76.3
77.6
78.5
79.3
76.7
75.1
75.0
74.0
73.8
73.2
72.5
60.0
59.6
59.3
59.0
58.8
58.7
58.5
58.4
60.1
62.0
63.7
64.9
65.9
67.0
67.9
68.7
69.5
69.9
70.2
70.5
70.7
69.8
68.4
67.2
66.4
65.7
65.1
64.7
64.3
63.9
63.6
63.3
64.3
66.1
67.7
68.9
69.8
70.7
71.6
72.3
73.0
73.3
73.4
73.7
73.8
72.7
71.2
70.0
60.0
59.7
59.4
59.2
59.0
58.8
58.6
58.5
59.6
61.2
62.6
63.8
64.8
65.8
66.8
67.7
68.5
69.0
69.3
69.7
69.9
69.6
68.6
67.7
66.9
66.3
65.8
65.3
64.9
64.5
64.2
63.9
64.5
65.8
67.1
68.2
69.0
70.0
70.8
71.6
72.3
72.6
72.8
73.1
73.2
72.8
71.7
70.7
60.1
59.9
59.8
59.6
59.4
59.3
59.1
59.0
59.7
60.5
61.5
62.5
63.3
64.3
65.3
66.3
67.2
67.7
68.1
68.5
68.8
69.0
68.8
68.4
67.9
67.5
67.0
66.6
66.2
65.9
65.5
65.2
65.5
66.0
66.8
67.6
68.3
69.2
70.0
70.8
71.5
71.9
72.2
72.5
72.7
72.7
72.4
71.8
M5 M35 M65 M95 M125
60.1
60.1
60.0
59.9
59.8
59.7
59.6
59.4
60.0
60.5
61.1
61.8
62.5
63.5
64.4
65.3
66.3
66.8
67.3
67.8
68.2
68.5
68.7
68.6
68.5
68.2
67.9
67.6
67.2
66.9
66.5
66.2
66.4
66.7
67.0
67.5
68.0
68.8
69.5
70.3
71.1
71.4
71.8
72. 1
72.4
72.5
72.6
72.4
60.1
60.1
60. 1
60.0
59.9
59.8
59.7
59.6
60.1
60.5
61.1
61.7
62.3
63.2
64.1
65.0
66.0
66.5
67.0
67.5
67.9
68.3
68.6
68.7
68.6
68.4
68.2
67.9
67.6
67.2
66.9
66.6
66.7
66.9
67.2
67.6
68.0
68.7
69.4
70.1
70.9
71.3
71.6
72.0
72.2
72.5
72.6
72.6
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
58.6
58.1
57.8
57.6
57.4
57.3
57.1
57.0
59.6
61.4
62.8
63.9
64.9
65.7
66.5
67.3
68.0
68.6
69.1
69.4
69.6
67.3
65.9
65.0
64.3
63.8
63.3
62.9
62.6
62.3
62.0
61.7
63.4
65.3
66.6
67.7
68.6
69.3
70.0
70.6
71.3
71.8
72. 1
72.3
72.5
70.1
68.6
67.6
59.9
59.7
59.5
59.3
59.1
59.0
58.9
58.7
59. 1
60.0
61.1
62.2
63.2
64.1
65.0
65.9
66.8
67.6
68.2
68.6
69.0
68.9
68.4
68.0
67.5
67.0
66.6
66.2
65.8
65.5
65.1
64.8
64.7
65.4
66.3
67.2
68.0
68.8
69.6
70.3
71.1
71.7
72.2
72.5
72.7
72.5
72.0
71.3
C9 C39 C69 C99 C129
60.0
60.0
59.9
59.8
59.7
59.6
59.5
59.4
59.4
59.9
60.6
61.4
62.3
63.1
64.0
65.0
65.9
66.7
67.4
67.9
68.3
68.6
68.7
68.6
68.4
68.2
67.9
67.5
67.2
66.8
66.5
66.1
65.9
66.0
66.5
67.1
67.7
68.4
69.1
69.9
70.7
71.4
71.9
72.2
72.5
72.6
72.6
72.4
60.0
60. 1
60.0
60.0
59.9
59.8
59.7
59.5
59.6
59.9
60.5
61.2
62.0
62.8
63.7
64.6
65.6
66.5
67. 1
67.7
68. 1
68.4
68.6
68.7
68.6
68.4
68.2
67.9
67.6
67.2
66.9
66.5
66.3
66.3
66.6
67.1
67.7
68.3
69.0
69.8
70.5
71.2
71.8
72.1
72.4
72.6
72.7
72.6
60.2
59.9
59.6
59.4
59.2
59.0
58.8
58.8
62.0
64.5
66.4
67.7
68.4
69.7
70.9
71.8
72.7
72.2
71.8
71.8
71.5
70.3
68.9
67.7
66. 8
66.2
65.6
65.2
64.8
64.4
64.1
63.8
66.1
68.6
70.5
71.7
72.4
73.6
74.6
75.5
76.2
75.7
75.1
75.0
74.6
73.4
71.8
70.5
60.2
59.9
59.7
59.5
59.3
59.1
59.0
58.9
61.5
63.6
65.4
66.6
67.4
68.7
69.8
70.8
71.7
71.4
70.9
71.0
70.7
70. 1
69.1
68.1
67.4
66.7
66.2
65.7
65.3
65.0
64.6
64.3
66.2
68.2
69.9
71.1
71.7
72.9
73.9
74.8
75.6
75.1
74.5
74.5
74.1
73.4
72.3
71.2
60.3
60.2
60.0
59.9
59.7
59.6
59.4
59.3
61.5
63.0
64.4
65.4
66.0
67.3
68.5
69.5
70.5
70.2
69.9
70.0
69.8
69.7
69.3
68.8
68.3
67.8
67.4
66.9
66.5
66.2
65.8
65.5
67.1
68.4
69.6
70.5
71.0
72.2
73.2
74.0
74.9
74.4
74.0
73.9
73.6
73.4
72.9
72.3
TIME TAIR TW
60.3
60.3
60.2
60.1
60.0
59.9
59.8
59.7
61.8
63.0
64.0
64.8
65.3
66.6
67.7
68.7
69.7
69.5
69.2
69.3
69.2
69.2
69.2
69. 1
68.8
68.5
68.2
67.8
67.4
67.1
66.7
66.4
67.9
68.9
69.8
70.4
70.8
71.8
72.8
73.6
74.5
74.0
73.6
73.6
73.3
73.3
73.1
72.8
60.3
60.3
60.3
60.2
60.2
60.0
59.9
59.8
61.9
63.0
63.9
64.6
65.1
66.3
67.4
68.5
69.5
69.2
68.9
69.1
69.0
69.1
69.1
69.1
68.9
68.7
68.4
68. 1
67.7
67.4
67.0
66.7
68.2
69.2
69.9
70.5
70.7
71.7
72.6
73.5
74.3
73.9
73.5
73.5
73.2
73.2
73.1
73.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
LHn
LO
I
AA-22 DAY 3
half the pipe spacing = 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR F1 F31 F61 F91 F121
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
71.9
71.3
70.8
70.3
69.8
69.3
68.9
68.6
74.3
75.7
76.8
77.2
76.9
78.6
79.9
80.7
81.4
78.8
77.2
77.0
75.9
75.6
75.0
69.0
68.3
67.6
67.1
66.6
66.2
65.8
65.4
66.9
68.6
70.0
71.1
71.9
72.7
73.5
74.1
74.7
74.9
75.1
75.2
75.3
74.2
72.6
69.8
69.1
68.5
68.0
67.5
67.0
66.6
66.2
67. 1
68.4
69.6
70.5
71.3
72.1
72.9
73.6
74.2
74.5
74.6
74.8
74.9
74.4
73.3
71.3
70.7
70.2
69.7
69.2
68.7
68.3
67.8
68.2
68.8
69.5
70.2
70.8
71.6
72.3
73.0
73.7
74.0
74.2
74.5
74.6
74.6
74.2
72.1
71.8
71.4
70.9
70.5
70.0
69.6
69.1
69.4
69.5
69.9
70.3
70.7
71.4
72.1
72.8
73.4
73.8
74.0
74.3
74.5
74.6
74.6
72.4
72.1
71.8
71.3
70.9
70.5
70.0
69.6
69.8
69.9
70.1
70.4
70.8
71.3
72.0
72.7
73.4
73.7
73.9
74.3
74.4
74.6
74.6
72.0 74.3 71.4 72.2 73.6 74.3 74.5
slab thickness = 8.0 inches
power density = 3.0 watts/sq.ft.
pipe radius = .38 inches
daytime water temperature = 60.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
66.8
66.2
65.7
65.2
64.8
64.4
64.0
63.7
66.0
67.6
68.8
69.8
70.5
71.1
71 .8
72.4
72.9
73.4
73.7
73.8
73.9
71.5
69.9
70.8
70.2
69.7
69.2
68.7
68.3
67.8
67.4
67.5
68.1
69.0
69.8
70.5
71.2
71.9
72.5
73.2
73.8
74.2
74.4
74.6
74.3
73.7
72.1
71.7
71.3
70.8
70.4
69.9
69.5
69.0
68.8
68.9
69.3
69.9
70.5
71.0
71.7
72.4
73.1
73.7
74.1
74.4
74.6
74.7
74.6
72.4
72.1
71.8
71.3
70.9
70.4
70.0
69.5
69.2
69.3
69.5
70.0
70.5
71.0
71.6
72.3
73.0
73.6
74.1
74.4
74.6
74.7
74.7
43.0 68.9 73.1 74.3 74.6
69.6 70.3
68.8 69.6
68.2 69.0
67.6 68.4
67.1 67.9
66.7 67.5
66.3 67.1
66.0 66.7
68.9 69.1
71.2 71.0
72.9 72.5
74.0 73.5
74.5 74.0
75.6 75.0
76.5 76.0
77.3 76.8
78.0 77.5
77.4 77.0
76.8 76.4
76.6 76.2
76.2 75.8
74.9 75.1
73.3 73.9
72.0 72.7
71.6
71.1
70.5
70.0
69.5
69.0
68.6
68.2
70. 1
71.3
72.4
73.1
73.6
74.5
75.5
76.3
77. I
76.5
76.0
75.9
75.5
75.3
74.7
74.0
72.4
72.0
71.6
71.1
70.6
70.2
69.7
69.3
71.1
71.9
72.7
73.2
73.5
74.4
75.3
76.1
76.8
76.3
75.8
75.8
75.4
75.3
75. 1
74.7
72.7
72.3
71.9
71.5
71.0
70.6
70.1
69.7
71.5
72.2
72.9
73.3
73.5
74.3
75.2
76.0
76.8
76.3
75.8
75.7
75.4
75.3
75.1
74.9
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
H
U'
AA-23
half the pipe spacing 4.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
F1 F31 F61 F91 F121
60.5
59.9
59.3
58.7
58.1
57.6
57.2
56.9
61.9
63.7
65.4
66.4
66.8
68.9
70.2
71.2
72. 1
70.1
68.9
68.8
68.0
67.6
66.4
65.1
DAY 2
63.8
62.7
61.7
60.8
60.0
59.3
58.7
58.3
62.4
64.3
65.9
66.9
67.2
69.2
70.5
71.5
72.4
70.3
69.1
69.0
68.1
67.7
66.5
65.2
59.7
59.0
58.4
57.8
57.3
56.8
56.4
56.1
57.3
58.8
60.2
61.4
62.5
63.5
64.5
65.3
66.1
66.4
66.7
67.0
67.1
66.2
64.9
63.6
62.5
61.5
60.6
59.7
59.0
58.4
57.8
57.3
57.9
59.4
60.7
61.9
62.8
63.9
64.8
65.6
66.3
66.7
66.9
67.1
67.3
66.4
65.0
63.7
59.7
59.1
58.4
57.8
57.3
56.9
56.4
56.1
57.2
58.7
60.1
61.3
62.3
63.4
64.4
65.2
66.0
66.4
66.6
66.9
67.1
66.3
65.0
63.7
62.6
61.5
60.6
59.8
59.1
58.4
57.9
57.3
57.9
59.2
60.6
61.8
62.7
63.8
64.7
65.5
66.2
66.6
66.8
67.1
67.2
66.4
65.1
63.8
59.8
59.2
58.5
57.9
57.4
56.9
56.5
56.1
57.0
58.4
59.8
61.0
62.1
63.2
64.2
65.1
65.9
66.3
66.5
66.8
67.0
66.5
65.3
64.0
62.8
61.8
60.8
60.0
59.2
58.6
58.0
57.4
57.8
59.0
60.3
61.5
62.5
63.5
64.5
65.3
66.1
66.5
66.7
67.0
67.1
66.6
65.4
64.1
59.9
59.3
58.6
58.0
57.5
57.0
56.6
56.2
56.8
58.1
59.5
60.8
61.9
63.0
64.0
64.9
65.7
66-.2
66.5
66.8
66.9
66.6
65.5
64.3
63.1
62.0
61.0
60.1
59.4
58.7
58.1
57.5
57.7
58.7
60.0
61.2
62.3
63.4
64.3
65.2
66.0
66.4
66.7
66.9
67.1
66.7
65.6
64.4
slab thickness = 8.0 inches pipe radius = .38 inches
power density 2.5 watts/sq.ft.
daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
59.9
59.3
58.7
58. 1
57.5
57.0
56.6
56.2
56.8
58.0
59.4
60.7
61.8
62.9
64.0
64.9
65.7
66.1
66.4
66.7
66.9
66.6
65.6
64.4
63.2
62.1
61.1
60.2
59.4
58.7
58.1
57.6
57.7
58.6
59.9
61.1
62.2
63.3
64.3
65.2
65.9
66.3
66.6
66.9
67.0
66.8
65.7
64.5
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
54.7
54.2
53.9
53.6
53.3
53.1
52.9
52.8
60.2
61.2
62.0
62.6
63.1
63.6
64.0
64.4
64.8
65.1
65.3
65.4
65.4
58.0
57.0
56.3
55.8
55.3
54.9
54.5
54.2
53.9
53.6
53.4
60.2
61.4
62.2
62.8
63.3
63.8
64.2
64.6
64.9
65.2
65.3
65.4
65.5
58.1
57. 1
56.4
58.0
57.2
56.6
56.2
55.7
55.4
55.1
54.8
57.8
59.4
60.6
61.7
62.6
63.4
64.1
64.8
65.4
65.9
66.2
66.4
66.5
63.4
61.9
60.8
59.9
59. 1
58.4
57.7
57. 1
56.6
56.2
55.8
58.1
59.8
61.0
62.0
62.9
63.7
64.4
65.0
65.6
66.1
66.4
66.5
66.7
63.5
62.0
60.9
59. 1
58.3
57.7
57.1
56.6
56.2
55.8
55.5
56.8
58.4
59.8
61.0
62.1
63.0
63.9
64.7
65.4
66.0
66.4
66.6
66.8
65.4
63.9
62.6
61.5
60.6
59.7
59.0
58.3
57.7
57.1
56.6
57.3
58.8
60.2
61.4
62.5
63.4
64.2
65.0
65.6
66.2
66.6
66.8
66.9
65.5
64.0
62.7
59.4
58.6
57.9
57.4
56.9
56.4
56.0
55.7
56.5
58.0
59.5
60.8
61.9
62.9
63.8
64.7
65.4
66.0
66.4
66.7
66.8
65.9
64.4
63.1
62.0
61.0
60.1
59.3
58.6
58.0
57.4
56.9
57.2
58.6
60.0
61.2
62.3
63.2
64.1
64.9
65.6
66.2
66.6
66.8
67.0
66.0
64.6
63.2
59.9.
59.2
58.6
58.1
57.5
57.1
56.7
56.4
58.8
60.9
62.6
63.8
64.7
66.0
67.1
68.0
68.8
68.5
68.2
68.1
67.9
66.8
65.4
64.0
62.9
61.8
60.9
60.1
59.3
58.7
58.1
57.6
59.3
61.3
63.0
64.2
65.1
66.3
67.4
68.3
69.1
68.7
68.4
68.3
68.0
67.0
65.5
64.1
59.9
59.3
58.7
58.1
57.6
57.1
56.7
56.4
58.7
60.7
62.4
63.7
64.6
65.9
67.0
67.9
68.8
68.5
68.1
68.1
67.8
66.9
65.5
64.1
63.0
61.9
61.0
60.1
59.4
58.7
58.1
57.6
59.2
61.2
62.9
64.1
64.9
66.2
67.3
68.2
69.0
68.7
68.3
68.3
68.0
67.0
65.6
64.2
60.0
59.4
58.8
58.2
57.7
57.2
56.8
56.4
58.5
60.4
62.1
63.4
64.3
65.7
66.8
67.8
68.6
68.4
68.0
68.0
67.7
67.0
65.7
64.4
63.2
62.1
61.1
60.3
59.5
58.8
58.2
57.7
59.1
60.9
62.6
63.9
64.7
66.0
67.1
68.1
68.9
68.6
68.2
68.2
67.9
67.2
65.8
64.5
60.1
59.5
58.9
58.3
57.7
57.2
56.8
56.5
58.4
60.2
61.9
63.2
64. 1
65.5
66.7
67.7
68.5
68.3
67.9
67.9
67.7
67.2
66.0
64.6
63.4
62.3
61.3
60.4
59.6
58.9
58.3
57.8
59.1
60.7
62.3
63.6
64.5
65.8
67.0
67.9
68.8
68.5
68.1
68.1
67.8
67.3
66. 1
64.8
TW
60.1
59.6
58.9
58.3
57.8
57.3
56.8
56.5
58.3
60.1
61.8
63.1
64.0
65.4
66.6
67.6
68.5
68.2
67.9
67.9
67.6
67.2
66.1
64.8
63.5
62.4
61.4
60.5
59.7
59.0
58.4
57.8
59.1
60.6
62.2
63.5
64.4
65.8
66.9
67.9
68.7
68.5
68.1
68.1
67.8
67.3
66.2
64.9
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
un
t-,
I,
AA-23 DAY 3
half the pipe spacing = 4.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness = 8.0 Inches pipe radius = .38 inches
power density 2.5 watts/sq.ft.
daytime water temperature = 55.0 (F)
F1 F31 F61 F91 F121
62.6
61.5
60.6
59.8
59.1
58.4
57.9
57.4
58.4
59.9
61.1
62.3
63.2
64.1
65.0
65.8
66.5
66.8
67.0
67.3
67.4
66.5
65.1
63.8
62.7
61.6
60.7
59.9
59.1
58.5
57.9
57.4
58.3
59.7
61.0
62. 1
63.1
64.0
64.9
65.7
66.4
66.8
67.0
67.2
67.3
66.6
65.2
63.9
62.9
61.9
60.9
60.0
59.3
58.6
58.0
57.5
58.2
59.4
60.7
61.9
62.8
63.8
64.8
65.6
66.3
66.7
66.9
67.1
67.3
66.7
65.5
64.2
63.2
62.1
61.1
60.2
59.4
58.7
58.1
57.6
58. I
59.2
60.5
61.6
62.6
63.7
64.6
65.5
66.2
66.6
66.8
67.1
67.2
66.8
65.7
64.5
63.3
62.2
61.2
60.3
59.5
58.8
58.2
57.6
58.0
59.1
60.4
61.5
62.6
63.6
64.6
65.4
66.2
66.5
66.8
67.1
67.2
66.9
65.9
64.6
M5 M35 M65 M95 M125
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
55.8
55.4
54.9
54.5
54.2
53.9
53.6
53.4
60.7
61.7
62.4
63.0
63.5
63.9
64.3
64.7
65.0
65.3
65.4
65.5
65.6
58.1
57. 1
56.4
60.0
59.2
58.4
57.8
57.2
56.7
56.2
55.8
58.7
60.2
61.3
62.3
63.2
63.9
64.6
65.2
65.8
66.2
66.5
66.7
66.8
63.6
62.1
61.0
61.6
60.7
59.8
59.0
58.3
57.7
57.2
56.7
57.8
59.3
60.6
61.8
62.8
63.6
64.4
65.2
65.8
66.4
66.7
66.9
67.1
65.6
64.1
62.8
62.1
61.1
60.2
59.4
58.6
58.0
57.4
56.9
57.6
59.0
60.4
61.6
62.6
63.5
64.4
65.1
65.8
66.4
66.8
67.0
67.1
66.1
64.7
63.3
C9 C39 C69 C99 C129
62.9
61.9
61.0
60.1
59.4
58.7
58.1
57.7
60.0
61.9
63.5
64.6
65.4
66.6
67.6
68.5
69.3
68.9
68.5
68.5
68.1
67.1
65.6
64.2
63.0
62.0
61.0
60.2
59.4
58.8
58.2
57.7
59.9
61.8
63.4
64.5
65.3
66.5
67.5
68.4
69.2
68.9
68.5
68.4
68.1
67. I
65.7
64.3
63.3
62.2
61.2
60.3
59.6
58.9
58.3
57.8
59.7
61.5
63.1
64.3
65.1
66.3
67.4
68.3
69.1
68.8
68.4
68.3
68.0
67.3
66.0
64.6
63.5
62.4
61.4
60.5
59.7
59.0
58.4
57.8
59.6
61.3
62.8
64.0
64.9
66.1
67.2
68.2
69.0
68.7
68.3
68.3
68.0
67.4
66.2
64.9
63.6
62.5
61.5
60.6
59.8
59.1
58.4
57.9
59.6
61.2
62.7
64.0
64.8
66.0
67.2
68.1
68.9
68.6
68.3
68.2
67.9
67.5
66.3
65.0
TIME TAIR
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
63.9
62.8
61.8
60.9
60. 1
59.4
58.8
58.3
63. 1
64.8
66.4
67.3
67.6
69.4
70.8
71.8
72.6
70.5
69.2
69.2
68.3
67.8
66.6
65.3
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
H
ON
I"
AA-24
half the pipe spacing = 4.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness = 8.0 inches pipe radius = .38 inches
power density 3.0 watts/sq.ft.
daytime water temperature = 55.0 (F)
F1 F31 F61 F91 F121
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
60.6
60.0
59.4
58.8
58.2
57.8
57.3
57.1
63.0
65.1
66.9
67.9
68.2
70.5
72.0
73.1
74.0
71.5
69.9
69.8
68.7
68.2
67.0
65.6
DAY 2
64.3
63.2
62.2
61.2
60.4
59.7
59.0
58.6
63.6
65.8
67.5
68.5
68.7
70.9
72.4
73.4
74.3
71.8
70.2
70.0
68.9
68.4
67.2
65.8
59.7
59.0
58.4
57.8
57.3
56.9
56.5
56.1
57.4
59.1
60.5
61.8
62.9
64.0
65.0
65.9
66.7
67.0
67.2
67.5
67.6
66.7
65.3
64.0
62.8
61.8
60.9
60.0
59.3
58.6
58.0
57.5
58.2
59.7
61.1
62.3
63.3
64.4
65.3
66.2
66.9
67.3
67.5
67.7
67.8
66.8
65.4
64.1
59.7
59.1
58.4
57.9
57.3
56.9
56.5
56.1
57.3
58.9
60.4
61.7
62.7
63.9
64.9
65.8
66.6
67.0
67.2
67.5
67.5
66.8
65.4
64.1
62.9
61.9
60.9
60.1
59.3
58.7
58.1
57.6
58.2
59.6
61.0
62.2
63.2
64.3
65.3
66.1
66.9
67.2
67.4
67.7
67.7
66.9
65.5
64.2
59.8
59.2
58.6
58.0
57.4
57.0
56.5
56.2
57.2
58.6
60.1
61.4
62.5
63.7
64.7
65.6
66.5
66.9
67. 1
67.4
67.5
66.9
65.7
64.4
63.2
62.1
61.1
60.3
59.5
58.8
58.2
57.6
58. 1
59.3
60.7
61.9
63.0
64.1
65.1
66.0
66.8
67.1
67.3
67.6
67.7
67.1
65.8
64.5
MS M35 M65 M95 M125
59.9
59.3
58.7
58.1
57.5
57.0
56.6
56.2
57.0
58.3
59.8
61.1
62.3
63.5
64.6
65.5
66.4
66.8
67.0
67-3
67.4
67. 1
66.0
64.7
63.4
62.3
61.3
60.4
59.6
58.9
58.3
57.7
58.0
59.1
60.4
61.7
62.8
63.9
64.9
65.8
66.7
67.0
67.3
67.5
67.6
67.2
66.1
64.8
59.9
59.4
58.7
58.1
57.6
57.1
56.6
56.3
57.0
58.2
59.7
61.0
62.2
63.4
64.5
65.5
66.3
66.7
67.0
67.3
67.4
67. 1
66.1
64.8
63.5
62.4
61.4
60.5
59.7
59.0
58.3
57.8
58.0
59.0
60.3
61.6
62.7
63.8
64.9
65.8
66.6
67.0
67.3
67.5
67.6
67.3
66.2
64.9
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
54.7
54.2
53.9
53.6
53.4
53.1
53.0
52.8
60.2
61.3
62. 1
62.7
63.3
63.8
64.2
64.7
65.1
65.3
65.5
65.6
65.7
58.2
57.2
56.5
56.0
55.5
55.0
54.6
54.3
54.0
53.7
53.5
60.3
61.6
62.3
63.0
63.5
64.0
64.4
64.8
65.2
65.5
65.6
65.7
65.8
58.3
57.3
56.6
58.0
57.2
56.6
56.2
55.8
55.4
55.1
54.8
57.8
59.5
60.8
61.9
62.9
63.7
64.5
65.2
65.8
66.4
66.7
66.9
66.9
63.8
62.3
61.2
60.2
59.4
58.6
57.9
57.3
56.8
56.3
55.9
58.2
60.0
61.2
62.3
63.2
64.0
64.8
65.4
66.1
66.6
66.9
67.0
67.1
63.9
62.4
61.3
C9 C39 C69 C99 C129
59.1
58.3
57.7
57. 1
56.7
56.2
55.9
55.5
56.8
58.5
60.0
61.3
62.4
63.4
64.3
65.2
65.9
66.6
66.9
67.2
67.3
65.8
64.3
63.0
61.9
60.9
60.0
59.2
58.5
57.9
57.3
56.8
57.5
59.1
60.5
61.8
62.9
63.8
64.7
65.5
66.2
66.8
67.1
67.3
67.4
66.0
64.4
63.1
59.4
58.6
58.0
57.4
56.9
56.4
56.1
55.7
56.6
58.2
59.7
61.1
62.3
63.3
64.3
65.1
65.9
66.6
67.0
67.2
67.3
66.4
64.9
63.5
62.4
61.3
60.4
59.6
58.8
58.2
57.6
57. 1
57.4
58.8
60.3
61.6
62.7
63.7
64.6
65.5
66.2
66.8
67.2
67.4
67.5
66.5
65.0
63.6
59.9
59.3
58.7
58.1
57.6
57.2
56.8
56.5
59.3
61.5
63.3
64.7
65.5
66.9
68. 1
69.1
70.0
69.5
69.0
68.9
68.5
67.4
65.9
64.5
63.3
62.2
61.2
60.4
59.6
59.0
58.4
57.9
59.8
62.1
63.9
65.2
66.0
67.3
68.5
69.4
70.3
69.8
69.2
69.1
68.7
67.5
66.0
64.6
60.0
59.3
58.7
58.2
57.6
57.2
56.8
56.5
59.2
61.4
63.2
64.5
65.4
66.8
68.1
69.1
69.9
69.5
69.0
68.9
68.5
67.5
66.0
64.6
63.4
62.3
61.3
60.5
59.7
59.0
58.4
57.9
59.8
61.9
63.7
65.1
65.9
67.2
68.4
69.4
70.2
69.7
69.2
69.1
68.6
67.6
66.1
64.7
60.0
59.4
58.8
58.2
57.7
57.3
56.8
56.5
59.0
61.1
62.9
64.3
65.2
66.6
67.9
68.9
69.8
69.4
68.9
68.8
68.4
67.6
66.2
64.9
63.6
62.5
61.5
60.6
59.8
59. 1
58.5
58.0
59.7
61.7
63.5
64.8
65.7
67.1
68.2
69.2
70.1
69.6
69.1
69.0
68.6
67.8
66.4
65.0
TIME TAIR TW
60. 1
59.6
58.9
58.3
57.8
57.3
56.9
56.6
58.9
60.8
62.6
64.0
65.0
66.5
67.7
68.8
69.7
69.3
68.8
68.7
68.3
67.8
66.5
65.1
63.9
62.7
61.7
60.8
60.0
59.2
58.6
58.1
59.6
61.5
63.2
64.6
65.5
66.9
68.1
69.1
70.0
69.6
69. 1
69.0
68.5
67.9
66.7
65.3
60.1
59.6
59.0
58.4
57.8
57.4
56.9
56.6
58.8
60.7
62.5
63.9
64.9
66.4
67.7
68.7
69.7
69.3
68.8
68.7
68.3
67.8
66.6
65.2
64.0
62.8
61.8
60.8
60.0
59.3
58.7
58. 1
59.6
61.4
63.1
64.5
65.4
66.8
68.0
69.1
70.0
69.5
69.0
68.9
68.5
68.0
66.8
65.4
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
(-n
AA-24 DAY 3
half the pipe spacing = 4.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR
64.5
63.3
62.3
61.3
60.5
59.8
59.1
58.6
64.4
66.4
68.1
68.9
69.1
71.2
72.7
73.7
74.5
72.0
70.3
70.2
69.1
68.5
67.3
65.9
F1 F31 F61 F91 F121
62.9
61.9
60.9
60.1
59.4
58.7
58.1
57.6
58.7
60.2
61.6
62.7
63.7
64.7
65.6
66.4
67.2
67.5
67.6
67.8
67.9
67.0
65.5
64.2
63.0
62.0
61.0
60.2
59.4
58.7
58.1
57.6
58.7
60.1
61.4
62.6
63.6
64.6
65.5
66.4
67.1
67.4
67.6
67.8
67.9
67.0
65.7
64.3
63.3
62.2
61.2
60.3
59.6
58.9
58.2
57.7
58.5
59.8
61.2
62.3
63.3
64.4
65.4
66.2
67.0
67.3
67.5
67.7
67.8
67.2
65.9
64.6
63.6
62.4
61.4
60.5
59.7
59.0
58.4
57.8
58.4
59.6
60.9
62.1
63.1
64.2
65.2
66.1
66.9
67.2
67.5
67.7
67.8
67.4
66.2
64.9
63.7
62.5
61.5
60.6
59.8
59.1
58.4
57.8
58.4
59.5
60.8
62.0
63.1
64.2
65.2
66.1
66.9
67.2
67.4
67.7
67.7
67.4
66.3
65.0
slab thickness 8.0 inches
power density = 3.0 watts/sq.ft.
pipe radius = .38 inches
daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
56.0
55.5
55.1
54.7
54.3
54.0
53.7
53.5
60.8
61.8
62.6
63.2
63.7
64.1
64.5
64.9
65.3
65.6
65.7
65.8
65.8
58.4
57.3
56.6
60.3
59.4
58.7
58.0
57.4
56.9
56.4
56.0
58.9
60.4
61.6
62.6
63.5
64.3
65.0
65.6
66.2
66.7
67.0
67.1
67.2
64.0
62.5
61.3
62.0
61.0
60.1
59.3
58.6
57.9
57.4
56.9
58.0
59.6
61.0
62.2
63.2
64.1
64.9
65.7
66.4
67.0
67.3
67.5
67.6
66.1
64.5
63.2
62.5
61.4
60.5
59.6
58.9
58.2
57.7
57.1
57.8
59.3
60.7
62.0
63.1
64.0
64.9
65.7
66.4
67.0
67.4
67.6
67.6
66.6
65.1
63.7
63.4
62.3
61.3
60.5
59.7
59.0
58.4
57.9
60.6
62.7
64.4
65.6
66.3
67.6
68.7
69.7
70.5
70.0
69.4
69.3
68.8
67.7
66.1
64.7
63.5
62.4
61.4
60.5
59.8
59.1
58.5
58.0
60.5
62.6
64.3
65.5
66.2
67.5
68.7
69.6
70.4
69.9
69.4
69.2
68.8
67.7
66.2
64.8
63.7
62.6
61.6
60.7
59.9
59.2
58.6
58.0
60.4
62.3
64.0
65.2
66.0
67.3
68.5
69.5
70.3
69.8
69.3
69.2
68.7
67.9
66.5
65.1
64.0
62.8
61.8
60.9
60.0
59.3
58.7
58. 1
60.3
62.1
63.7
65.0
65.9
67.2
68.4
69.4
70.2
69.8
69.2
69.1
68.7
68.0
66.8
65.4
64.1
62.9
61.9
60.9
60.1
59.4
58.7
58.2
60.2
62.0
63.7
64.9
65.8
67.1
68.3
69.3
70.2
69.7
69.2
69.1
68.7
68.1
66.9
65.5
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
F1
oon
AA-25
half the pipe spacing 4.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
F1 F31 F61 F91 F121
60.7
60.1
59.5
58.9
58.4
57.9
57.5
57.2
64.2
66.5
68.4
69.4
69.6
72.1
73.8
74.9
75.9
72.9
71.0
70.8
69.5
68.9
67.6
66.2
DAY 2
64.8
63.7
62.6
61.6
60.8
60.1
59.4
59.0
64.8
67.3
69.1
70.1
70.2
72.7
74.2
75.3
76.3
73.2
71.3
71.0
69.7
69.1
67.8
66.3
59.7
59.0
58.4
57.9
57.3
56.9
56.5
56.2
57.6
59.3
60.8
62.2
63.2
64.4
65.5
66.4
67.3
67.6
67.8
68.0
68.1
67.1
65.7
64.4
63.2
62.1
61.2
60.3
59.5
58.9
58.3
57.7
58.5
60.1
61.5
62.8
63.8
64.9
65.9
66.8
67.6
67.9
68.1
68.3
68.3
67.3
65.9
64.5
59.7
59. I
58.5
57.9
57.4
56.9
56.5
56.2
57.5
59.2
60.7
62.0
63.1
64.3
65.4
66.4
67.2
67.6
67.8
68.0
68.0
67.2
65.8
64.5
63.3
62.2
61.2
60.4
59.6
58.9
58.3
57.8
58.4
59.9
61.4
62.6
63.7
64.8
65.8
66.7
67.5
67.9
68.0
68.2
68.2
67.4
66.0
64.6
59.8
59.2
58.6
58.0
57.5
57.0
56.6
56.2
57.3
58.8
60.4
61.7
62.9
64.1
65.2
66.2
67.1
67.5
67.7
67.9
68.0
67.4
66.1
64.8
63.6
62.4
61.4
60.6
59.8
59.0
58.4
57.9
58.4
59.7
61.1
62.4
63.5
64.6
65.7
66.6
67.4
67.8
68.0
68.2
68.2
67.6
66.3
64.9
59.9
59.3
58.7
58.1
57.6
57.1
56.6
56.3
57.2
58.6
60.1
61.5
62.7
63.9
65.1
66.1
67.0
67.4
67.6
67.9
67.9
67.6
66.4
65.1
63.8
62.7
61.7
60.7
59.9
59.2
58.5
58.0
58.3
59.5
60.9
62.2
63.3
64.5
65.5
66.5
67.3
67.7
67.9
68.1
68.2
67.8
66.6
65.2
slab thickness = 8.0 inches
power density 3.5 watts/sq.ft.
pipe radius = .38 inches
daytime water temperature = 55.0 (F)
MS M35 M65 M95 M125 C9 C39 C69 C99 C129
59.9
59.4
58.7
58.1
57.6
57.1
56.7
56.3
57.1
58.5
60.0
61.4
62.6
63.9
65.0
66.0
67.0
67.4
67.6
67.9
67.9
67.6
66.5
65.2
63.9
62.8
61.7
60.8
60.0
59.2
58.6
58.0
58.3
59.4
60.8
62.1
63.2
64.4
65.5
66.4
67.3
67.7
67.9
68.1
68.2
67.8
66.7
65.4
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
54.7
54.2
53.9
53.6
53.4
53.2
53.0
52.8
60.2
61.4
62.2
62.9
63.5
64.0
64.5
64.9
65.3
65.6
65.8
65.9
65.9
58.5
57.4
56.7
56.1
55.6
55.2,
54.8
54.4
54.1
53.8
53.5
60.4
61.7
62.5
63.2
63.7
64.2
64.7
65. 1
65.5
65.8
65.9
66.0
66.0
58.5
57.5
56.8
58.0
57.2
56.6
56.2
55.8
55.4
55.1
54.8
57.9
59.6
61.0
62.2
63.2
64.0
64.8
65.6
66.3
66.8
67.1
67.3
67.4
64.2
62.6
61.5
60.5
59.6
58.8
58.2
57.5
57.0
56.5
56.1
58.4
60.2
61.5
62.6
63.6
64.4
65.2
65.9
66.5
67.1
67.3
67.5
67.5
64.3
62.7
61.6
59.1
58.3
57.7
57.1
56.7
56.3
55.9
55.6
56.9
58.6
60.2
61.6
62.8
63.8
64.8
65.6
66.5
67.1
67.5
67.7
67.8
66.3
64.7
63.4
62.2
61.2
60.3
59.5
58.7
58.1
57.5
57.0
57.7
59.3
60.8
62. 1
63.3
64.2
65.1
66.0
66.8
67.4
67.7
67.9
68.0
66.5
64.9
63.5
59.4
58.6
58.0
57.4
56.9
56.5
56.1
55.7
56.6
58.3
59.9
61.4
62.6
63.7
64.7
65.6
66.5
67.1
67.6
67.8
67.8
66.8
65.3
63.9
62.7
61.6
60.7
59.8
59.1
58.4
57.8
57.3
57.6
59.0
60.6
62.0
63.1
64.2
65.1
66.0
66.8
67.4
67.8
68.0
68.1
67.0
65.4
64.1
60.0
59.3
58.7
58.2
57.7
57.3
56.9
56.6
59.8
62.2
64.1
65.5
66.4
67.9
69.2
70.2
71.2
70.5
69.9
69.7
69.1
67.9
66.4
64.9
63.7
62.6
61.6
60.7
59.9
59.2
58.6
58.1
60.4
62.8
64.7
66.1
66.9
68.4
69.6
70.6
71.5
70.8
70.1
69.9
69.3
68.1
66.5
65. 1
60.0
59.4
58.8
58.2
57.7
57.3
56.9
56.6
59.7
62.0
64.0
65.4
66.3
67.8
69.1
70.2
71.1
70.5
69.8
69.6
69.1
68.0
66.5
65. 1
63.8
62.7
61.7
60.8
60.0
59.3
58.7
58.2
60.3
62.7
64.6
66.0
66.8
68.3
69.5
70.5
71.4
70.8
70. 1
69.9
69.3
68.2
66.7
65.2
60.1
59.5
58.9
58.3
57.8
57.3
56.9
56.6
59.5
61.7
63.7
65.1
66.0
67.6
68.9
70.0
71.0
70.4
69.8
69.6
69.1
68.2
66.8
65.3
64.1
62.9
61.9
61.0
60.1
59.4
58.8
58.3
60.3
62.4
64.3
65.7
66.6
68.1
69.4
70.4
71.3
70.7
70.0
69.8
69.3
68.4
66.9
65.5
60.1
59.6
59.0
58.4
57.9
57.4
57.0
56.7
59.3
61.5
63.4
64.9
65.8
67.4
68.8
69.9
70.9
70.3
69.7
69.5
69.0
68.3
67.0
65.6
64.3
63.1
62.1
61.1
60.3
59.6
58.9
58.4
60.2
62.2
64.1
65.5
66.4
67.9
69.2
70.3
71.2
70.7
70.0
69.8
69.2
68.5
67.2
65.8
TW
60.2
59.7
59.0
58.5
57.9
57.4
57.0
56.7
59.3
61.4
63.3
64.8
65.8
67.4
68.7
69.9
70.9
70.3
69.7
69.5
69.0
68.4
67.2
65.7
64.4
63.2
62.1
61.2
60.4
59.6
58.9
58.4
60.2
62.1
64.0
65.4
66.3
67.9
69.2
70.3
71.2
70.6
70.0
69.8
69.2
68.6
67.3
65.9
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
I
'.0
AA-25 DAY 3
half the pipe spacing = 4.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness = 8.0 inches
power density = 3.5 watts/sq.ft.
pipe radius = .38 inches
daytime water temperature = 55.0 (F)
F1 F31 F61 F91 F121
63.3
62.2
61.3
60.4
59.6
58.9
58.3
57.8
59.0
60.6
62.0
63.2
64.1
65.2
66.2
67.0
67.8
68.1
68.2
68.4
68.4
67.4
66.0
64.6
63.4
62.3
61.3
60.5
59.7
59.0
58.4
57.8
59.0
60.5
61.9
63.1
64.0
65.1
66.1
67.0
67.8
68.0
68.2
68.4
68.4
67.5
66.1
64.7
63.7
62.6
61.6
60.7
59.8
59.1
58.5
57.9
58.8
60.2
61.6
62.8
63.8
64.9
66.0
66.9
67.7
68.0
68.1
68.3
68.3
67.7
66.4
65.0
64.0
62.8
61.8
60.8
60.0
59.3
58.6
58.0
58.7
59.9
61.3
62.6
63.7
64.8
65.8
66.8
67.6
67.9
68.1
68.3
68.3
67.9
66.7
65.3
64.1
62.9
61.9
60.9
60.1
59.3
58.6
58.1
58.7
59.9
61.2
62.5
63.6
64.7
65.8
66.7
67.6
67.9
68.1
68.3
68.3
67.9
66.8
65.5
M5 M35 M65 M95 M125
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
56.2
55.7
55.2
54.8
54.4
54. 1
53.8
53.6
60.9
62.0
62.7
63.4
63.9
64.4
64.8
65.2
65.6
65.9
66.0
66.1
66.1
58.6
57.5
56.8
60.6
59.7
58.9
58.2
57.6
57.1
56.6
56.1
59.1
60.6
61.9
63.0
63.9
64.7
65.4
66.1
66.7
67.2
67.5
67.6
67.6
64.4
62.8
61.7
62.3
61.3
60.4
59.6
58.8
58.2
57.6
57.1
58.3
59.8
61.3
62.5
63.6
64.5
65.4
66.2
67.0
67.6
67.9
68.0
68.1
66.6
65.0
63.6
62.8
61.7
60.8
59.9
59.2
58.5
57.9
57.3
58.0
59.6
61.1
62.4
63.5
64.5
65.4
66.2
67.0
67.6
68.0
68.1
68.2
67.1
65.6
64.1
C9 C39 C69 C99 C129
63.8
62.7
61.7
60.8
60.0
59.3
58.7
58.2
61.2
63.5
65.3
66.5
67.3
68.6
69.8
70.8
71.7
71.0
.70.3
70.1
69.5
68.3
66.6
65.2
63.9
62.8
61.8
60.9
60.1
59.4
58.7
58.2
61.1
63.3
65.2
66.4
67.2
68.5
69.8
70.8
71.6
71.0
70.3
70.0
69.5
68.3
66.8
65.3
64.2
63.0
62.0
61. 1
60.2
59.5
58.8
58.3
61.0
63.1
64.9
66.2
67.0
68.3
69.6
70.7
71.6
70.9
70.2
70.0
69.4
68.5
67.1
65.6
64.4
63.2
62.2
61.2
60.4
59.6
59.0
58.4
60.9
62.9
64.7
66.0
66.8
68.2
69.5
70.6
71.5
70.9
70.2
70.0
69.4
68.7
67.3
65.9
64.5.
63.3
62.3
61.3
60.4
59.7
59.0
58.5
60.9
62.8
64.6
65.9
66.8
68.2
69.5
70.5
71.5
70.8
70.2
69.9
69.4
68.7
67.4
66.0
TIME TAIR
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
65.0
63.8
62.7
61.7
60.9
60. 1
59.5
59.0
65.8
67.9
69.7
70.5
70.6
72.9
74.5
75.6
76.5
73.5
71.5
71.2
69.8
69.2
67.9
66.4
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
H
a'
AA-26
half the pipe spacing 4.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness 8.0 inches
power density 4.0 watts/sq.ft.
pipe radius = .38 inches
daytime water temperature = 55.0 (F)
F1 F31 F61 F91 F121 M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
60.8
60.2
59.6
59.0
58.5
58.0
57.6
57.4
65.4
67.9
70.0
70.9
71.0
73.8
75.6
76.8
77.8
74.3
72.0
71.8
70.2
69.5
68.2
66.7
OAY 2
65.3
64.1
63.0
62.1
61.2
60.4
59.7
59.3
66.0
68.7
70.7
71.7
71.7
74.4
76.1
77.2
78.2
74.7
72.4
72.0
70.4
69.8
68.4
66.9
59.7
59.1
58.4
57.9
57.4
56.9
56.5
56.2
57.8
59.5
61.1
62.5
63.6
64.9
66.0
67.0
67.9
68.2
68.3
68.5
68.6
67.6
66. 1
64.8
63.5
62.4
61.5
60.6
59.8
59.1
58.5
57.9
58.8
60.4
61.9
63.2
64.2
65.4
66.5
67.4
68.2
68.5
68.6
68.8
68.8
67.8
66.3
64.9
59.7
59.1
58.5
57.9
57.4
57.0
56.6
56.2
57.7
59.4
61.0
62.4
63.5
64.8
65.9
66.9
67.8
68.1
68.3
68.5
68.5
67.7
66.2
64.9
63.7
62.5
61.5
60.7
59.9
59.2
58.5
58.0
58.7
60.3
61.8
63.1
64. 1
65.3
66.4
67.3
68.2
68.5
68.6
68.8
68.8
67.9
66.4
65.1
TIME TAIR
TW
60.0
59.4
58.8
58.3
57.8
57.3
56.9
56.7
60.2
62.8
64.9
66.3
67.2
68.8
70.2
71.3
72.3
71.5
70.7
70.4
69.8
68.5
66.9
65.4
60.0
59.4
58.8
58.3
57.8
57.4
57.0
56.7
60.1
62.7
64.8
66.2
67.1
68.7
70.1
71.3
72.3
71.5
70.7
70.4
69.8
68.6
67.0
65.5
59.8
59.2
58.6
58.0
57.5
57.0
56.6
56.3
57.5
59.1
60.7
62.1
63.3
64.6
65.7
66.8
67.7
68.1
68.2
68.5
68.5
67.9
66.6
65.2
63.9
62.8
61.8
60.8
60.0
59.3
58.6
58.1
58.6
60.0
61.5
62.8
63.9
65.2
66.2
67.2
68.1
68.4
68.6
68.7
68.7
68.1
66.8
65.4
59.9
59.3
58.7
58.1
57.6
57.1
56.7
56.3
57.3
58.8
60.4
61.9
63.1
64.4
65.6
66.7
67.6
68.0
68.2
68.4
68.5
68.0
66.9
65.5
64.2
63.0
62.0
61.0
60.2
59.4
58.8
58.2
58.6
59.8
61.3
62.6
63.7
65.0
66.1
67. 1
68.0
68.4
68.5
68.7
68.7
68.3
67. 1
65.7
59.9
59.4
58.8
58.2
57.6
57. 1
56.7
56.4
57.3
58.7
60.3
61.8
63.0
64.3
65.6
66.6
67.6
68.0
68.2
68.4
68.5
68.1
67.0
65.6
64.3
63.1
62. 1
61.1
60.3
59.5
58.8
58.2
58.6
59.7
61.2
62.5
63.7
64.9
66.1
67. 1
68.0
68.3
68.5
68.7
68.7
68.3
67.2
65.8
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
54.7
54.2
53.9
53.6
53.4
53.2
53.0
52.8
60.3
61.4
62.3
63.0
63.6
64.2
64.7
65.2
65.6
65.9
66.1
66.1
66.2
58.7
57.6
56.9
56.3
55.8
55.3
54.9
54.5
54.2
53.9
53.6
60.5
61.8
62.6
63.3
63.9
64.4
64.9
65.4
65.8
66.1
66.2
66.3
66.3
58.8
57.7
57.0
58.0
57.2
56.7
56.2
55.8
55.5
55.2
54.9
58.0
59.7
61.1
62.4
63.4
64.3
65.2
66.0
66.7
67.3
67.6
67.7
67.8
64.6
63.0
61.8
60.8
59.9
59.1
58.4
57.8
57.2
56.7
56.3
58.5
60.4
61.7
62.9
63.9
64.8
65.6
66.3
67.0
67.6
67.8
67.9
68.0
64.7
63. I
59.1
58.3
57.7
57.2
56.7
56.3
55.9
55.6
57.0
58.7
60.4
61.8
63.1
64.2
65.2
66.1
67.0
67.6
68.0
68.2
68.2
66.7
65.1
63.7
62.5
61.5
60.6
59.7
59.0
58.3
57.7
57.2
57.9
59.5
61.1
62.5
63.7
64.7
65.6
66.5
67.3
68.0
68.3
68.4
68.5
66.9
65.3
61.9 63.9 64.5
59.4
58.6
58.0
57.4
56.9
56.5
56. 1
55.8
56.7
58.4
60. 1
61.7
63.0
64.1
65.1
66.1
67.0
67.7
68.1
68.3
68.4
67.3
65.7
64.3
63.1
62.0
61.0
60.1
59.3
58.6
58.0
57.5
57.8
59.3
60.9
62.3
63.5
64.6
65.6
66.5
67.4
68.0
68.4
68.6
68.6
67.5
65.9
60.1
59.5
58.9
58.4
57.9
57.4
57.0
56.7
60.0
62.4
64.5
66.0
66.9
68.6
70.0
71.2
72.2
71.4
70.6
70.4
69.7
68.8
67.3
65.8
64.5
63.3
62.2
61.3
60.5
59.7
59.1
58.5
60.8
63.2
65.2
66.7
67.5
69.1
70.5
71.6
72.6
71.8
70.9
70.6
70.0
69.0
67.5
66.0
60.2
59.7
59.1
58.5
58.0
57.5
57.1
56.8
59.8
62.1
64.2
65.7
66.7
68.4
69.9
71.1
72.1
71.4
70.6
70.3
69.7
68.9
67.6
66.1
64.7
63.5
62.4
61.5
60.6
59.9
59.2
58.6
60.8
63.0
65.0
66.5
67.3
69.0
70.4
71.5
72.5
71.7
70.9
70.6
69.9
69.2
67.8
66.3
60.2
59.7
59.1
58.5
58.0
57.5
57.1
56.8
59.8
62.0
64.1
65.6
66.6
68.3
69.8
71.0
72.1
71.4
70.6
70.3
69.7
69.0
67.7
66.2
64.9
63.6
62.5
61.5
60.7
59.9
59.2
58.7
60.8
62.9
64.9
66.4
67.3
68.9
70.3
71.5
72.5
71.7
70.9
70.6
69.9
69.2
67.9
66.4
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
ON
64.1 64.2
63.0 63.1
62.0 62.0
61.1 61.1
60.3 60.3
59.5 59.6
58.9 58.9
58.4 58.4
60.9 60.9
63.6 63.4
65.6 65.5
67.0 66.9
67.8 67.7
69.4 69.3
70.7 70.6
71.8 71.7
72.7 72.6
71.9 71.8
71.0 71.0
70.7 70.7
70.0 70.0
68.7 68.8
67.1 67.2
65.6 65.7
AA-26 DAY 3
half the pipe spacing = 4.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness = 8.0 inches
power density = 4.0 watts/sq.ft.
pipe radius = .38 inches
daytime water temperature = 55.0 (F)
TIME TAIR
65.5
64.3
63.2
62.2
61.3
60.5
59.8
59.4
67. 1
69.4
71.3
72.1
72..1
74.6
76.4
77.5
78.5
74.9
72.6
72.2
70.6
69.9
68.5
F1 F31 F61 F91 F121
63.7
62.6
61.6
60.7
59.9
59.2
58.5
58.0
59.4
61.0
62.4
63.6
64.6
65.7
66.8
67.7
68.5
68.7
68.8
69.0
68.9
67.9
66.4
63.8
62.7
61.7
60.8
60.0
59.2
58.6
58.0
59.3
60.8
62.3
63.5
64.5
65.6
66.7
67.6
68.4
68.7
68.8
68.9
68.9
68.0
66.6
64.1
62.9
61.9
61.0
60.1
59.4
58.7
58.1
59.1
60.6
62.0
63.3
64.3
65.5
66.6
67.5
68.3
68.6
68.7
68.9
68.9
68.2
66.9
64.4
63.2
62.1
61.1
60.3
59.5
58.8
58.3
59.0
60.3
61.8
63.1
64.2
65.3
66.4
67.4
68.3
68.6
68.7
68.9
68.9
68.4
67.2
64.5
63.3
62.2
61.2
60.4
59.6
58.9
58.3
59.0
60.2
61.7
63.0
64.1
65.3
66.4
67.4
68.3
68.6
68.7
68.9
68.9
68.5
67.3
72.0 67.0 65.0 65.2 65.5 65.8 65.9
M5 M35 M65 M95 M125
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
56.4
55.8
55.4
54.9
54.6
54.2
53.9
53.7
61.0
62.1
62.9
63.6
64. 1
64.6
65.0
65.5
65.9
66.2
66.3
66.3
66.3
58.8
57.7
60.9
60.0
59.2
58.5
57.8
57.3
56.8
56.3
59.2
60.9
62 .2
63.3
64.2
65.0
65.8
66.5
67.2
67.7
68.0
68.1
68.1
64.8
63.2
62.7
61.6
60.7
59.8
59.1
58.4
57.8
57.3
58.5
60.1
61.6
62.9
64.0
65.0
65.9
66.7
67.5
68.1
68.5
68.6
68.6
67.1
65.4
63.2
62. 1
61.1
60.2
59.4
58.7
58.1
57.5
58.3
59.8
61.4
62.8
63.9
64.9
65.9
66.8
67.6
68.2
68.6
68.7
68.7
67.6
66.0
43.0 57.0 62.0 64.0 64.6
C9 C39 C69 C99 C129
64.3 64.4 64.6
63.1 63.2 63.4
62.1 62.2 62.4
61.2 61.2 61.4
60.3 60.4 60.6
59.6 59.7 59.8
59.0 59.0 59.1
58.5 58.5 58.6
61.8 61.8 61.6
64.3 64.1 63.9
66.2 66.1 65.8
67.5 67.4 67.1
68.2 68.1 67.9
69.6 69.5 69.4
71.0 70.9 70.8
72.0 72.0 71.9
72.9 72.9 72.8
72.1 72.1 72.0
71.2 71.2 71.1
70.9 70.8 70.8
70.2 70.1 70.1
68.9 68.9 69.1
67.2 67.3 67.6
65.7 65.8 66.1
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
TW
64.9
63.7
62.6
61.6
60.7
59.9
59.3
58.7
61.5
63.7
65.6
66.9
67.8
69.3
70.7
71.8
72.7
72.0
71.1
70.8
70. 1
69.3
67.9
66.4
65.0
63.8
62.7
61.7
60.8
60.0
59.3
58.7
61.5
63.6
65.5
66.9
67.7
69.2
70.6
71.7
72.7
71.9
71.1
70.8
70.1
69.4
68.0
66.5
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
0'
r\3
AA-27
half the pipe spacing = 4.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
F1 F31 F61 F91 F121
60.5
59.9
59.3
58.7
58.1
57.6
57.2
56.9
62.0
64.4
66.6
68.1
69.0
71.5
73.2
74.6
75.7
74.0
73.0
73.2
72.5
72.2
70.7
68.9
DAY 2
67.3
65.8
64.4
63.3
62.2
61.3
60.4
59.8
63.8
66.0
68.0
69.4
70.1
72.5
74. 1
75.4
76.5
74.7
73.6
73.7
73.0
72.6
71.0
59.7
59.0
58.4
57.8
57.3
56.8
56.4
56.1
57.7
59.9
61.8
63.5
65.0
66.4
67.7
68.9
69.9
70.5
71.0
71.5
71.8
70.7
68.8
67. 1
65.6
64.3
63.1
62.0
61.0
60.2
59.4
58.7
59.4
61.4
63.2
64.7
66.1
67.4
68.6
69.6
70.6
71.1
71.6
72.0
72.2
71.1
69.2
59.7
59.1
58.4
57.8
57.3
56.9
56.4
56.1
57.6
59.6
61.6
63.3
64.8
66.3
67.6
68.8
69.8
70.5
70.9
71.4
71.7
70.8
69.0
67.3
65.8
64.4
63.2
62.1
61.1
60.2
59.4
58.8
59.4
61.2
63.0
64.6
65.9
67.2
68.5
69.5
70.5
71.1
71.5
71.9
72.2
71.1
69.3
59.8
59.2
58.5
57.9
57.4
56.9
56.5
56. 1
57.3
59.2
61.1
62.9
64.4
66.0
67.3
68.5
69.6
70.3
70.8
71.3
71.6
71.0
69.4
67.7
66.1
64.7
63.4
62.3
61.3
60.4
59.6
58.9
59.2
60.8
62.6
64.2
65.6
66.9
68.2
69.3
70.3
70.9
71.3
71.8
72.0
71.4
69.7
59.9
59.3
58.6
58.0
57.5
57.0
56.6
56.2
57.0
58.8
60.7
62.5
64. 1
65.7
67.1
68.3
69.4
70.1
70.6
71.1
71.5
71.1
69.7
68.0
66.4
65.0
63.7
62.5
61.5
60.6
59.7
59.0
59.2
60.5
62.2
63.8
65.2
66.7
68.0
69.1
70.1
70.7
71.2
71.6
71.9
71.5
70.1
slab thickness 8.0 inches
power density 2.5 watts/sq.ft.
pipe radius = .38 inches
daytime water temperature = 60.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
59.9
59.3
58.7
58.1
57.5
57.0
56.6
56.2
56.9
58.6
60.6
62.4
64.0
65.5
67.0
68.2
69.3
70.0
70.6
71.1
71.4
71.2
69.9
68.2
66.6
65.1
63.8
62.6
61.6
60.6
59.8
59. 1
59.1
60.4
62.0
63.7
65.1
66.6
67.9
69.0
70.1
70.7
71.1
71.6
71.9
71.6
70.2
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
54.7
54.2
53.9
53.6
53.3
53.1
52.9
52.8
63.3
64.8
65.8
66.7
67.4
68.0
68.6
69.2
69.7
70.1
70.4
70.6
70.7
60.3
58.9
58.0
57.3
56.6
56.1
55.5
55.1
54.7
54.3
54.0
63.7
65.4
66.4
67.2
67.9
68.5
69.0
69.5
70.0
70.4
70.6
70.8
70.9
60.4
59.0
58.0
57.2
56.6
56.2
55.7
55.4
55.1
54.8
59.1
61.4
63.1
64. 5
65.8
66.9
67.9
68.8
69.7
70.3
70.8
71.2
71.5
67.2
65.1
63.7
62.4
61.3
60.4
59.5
58.7
58.0
57.4
56.9
60.1
62.5
64.1
65.5
66.6
67.6
68.6
69.4
70.2
70.8
71.3
71.6
71.8
67.5
65.4
59.1
58.3
57.7
57.1
56.6
56.2
55.8
55.5
57.4
59.6
61.6
63.3
64.8
66.1
67.3
68.4
69.4
70.2
70.8
71.2
71.5
69.7
67.6
65.9
64.5
63.2
62.1
61.0
60.1
59.3
58.6
58.0
58.9
61.0
62.8
64.4
65.8
67.0
68.1
69.1
70.0
70.8
71.3
71.7
71.9
70.0
67.9
59.4
58.6
57.9
57.4
56.9
56.4
56.0
55.7
56.9
59.1
61.1
62.9
64.5
65.9
67.1
68.2
69.3
70.1
70.7
71.2
71.5
70.3
68.3
66.6
65.1
63.7
62.5
61.5
60.5
59.7
58.9
58.3
58.7
60.6
62.4
64.1
65.5
66.8
67.9
69.0
69.9
70.7
71.3
71.7
71.9
70.7
68.7
59.9
59.2
58.6
58.1
57.5
57.1
56.7
56.4
59.2
61.9
64. 1
65.9
67.2
68.9
70.3
71.6
72.7
72.6
72.5
72.6
72.5
71.3
69.3
67.6
66.0
64.6
63.4
62.3
61.3
60.5
59.7
59.0
60.8
63.3
65.4
67.1
68.2
69.8
71.2
72.3
73.3
73.2
73.0
73. 1
73.0
71.6
69.7
59.9
59.3
58.7
58.1
57.6
57.1
56.7
56.4
59.1
61.7
63.9
65.7
67.0
68.7
70.2
71.5
72.6
72.5
72.4
72.6
72.5
71.3
69.5
67.7
66.2
64.8
63.5
62.4
61.4
60.5
59.7
59. 1
60.7
63.1
65.2
66.9
68.1
69.7
71.0
72.2
73.2
73.1
72.9
73.1
72.9
71.7
69.8
60.0
59.4
58.8
58.2
57.7
57.2
56.8
56.4
58.8
61.2
63.5
65.3
66.6
68.4
69.9
71.2
72.3
72.3
72.2
72.4
72.3
71.5
69.8
68.1
66.5
65.0
63.8
62.6
61.6
60.7
59.9
59.2
60.6
62.8
64.8
66.5
67.8
69.4
70.8
72.0
73.0
73.0
72.8
72.9
72.8
71.9
70.2
60.1
59.5
58.9
58.3
57.7
57.2
56.8
56.5
58.6
60.8
63.1
64.9
66.3
68.1
69.7
71.0
72.2
72.2
72.1
72.3
72.2
71.7
70.2
68.4
66.8
65.3
64.0
62.8
61.8
60.9
60.0
59.3
60.5
62.5
64.5
66.2
67.5
69.1
70.6
71.8
72.9
72.8
72.7
72.8
72.7
72.1
70.5
48.0 69.2 67.4 67.6 68.0 68.4 68.5 43.0 58.1 63.9 66.2 66.9 67.9 68.0 68.4 68.8 68.9 43.0
TW
60.1
59.6
58.9
58.3
57.8
57.3
56.8
56.5
58.5
60.7
62.9
64.8
66.2
68.0
69.6
70.9
72. 1
72.1
72.0
72.3
72.2
71.8
70.3
68.6
66.9
65.4
64.1
62.9
61.9
60.9
60. 1
59.4
60.5
62.3
64.4
66.1
67.4
69.0
70.5
71.7
72.8
72.8
72.6
72.8
72.6
72.2
70.7
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
H
0'
AA-27 DAY 3
half the pipe spacing = 4.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR F1 F31 F61 F91 F121
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
67.5
66.0
64.7
63.5
62.4
61.4
60.6
59.9
64.7
66.7
68.7
70.0
70.7
72.9
74.5
75.7
76.8
75.0
73.8
73.9
73.2
72. 7
71.2
69.4
65.9
64.5
63.3
62.2
61.2
60.3
59.5
58.8
60.2
62.1
63.8
65.3
66.5
67.8
69.0
70.0
70.9
71.4
71.8
72.2
72.4
71.2
69.3
67.6
66.0
64.6
63.4
62.3
61.3
60.4
59.6
58.9
60.0
61.9
63.6
65.1
66.4
67.7
68.8
69.9
70.8
71.3
71.7
72.1
72.3
71.3
69.5
67.7
66.4
64.9
63.6
62.5
61.5
60.6
59.7
59.0
59.8
61.5
63.2
64.7
66.1
67.4
68.6
69.6
70.6
71.2
71.6
72.0
72.2
71.5
69.9
68. 1
66.7
65.2
63.9
62.7
61.7
60.7
59.9
59.2
59.7
61.1
62.8
64.4
65.8
67.1
68.4
69.5
70.4
71.0
71.4
71.9
72.1
71.7
70.2
66.9
65.4
64.0
62.8
61.8
60.8
60.0
59.2
59.6
61.0
62.7
64.3
65.7
67.0
68.3
69.4
70.4
71.0.
71.4
71.8
72. 1
71.8
70.4
68.5 68.7
slab thickness = 8.0 inches pipe radius = .38 inches
power density 2.5 watts/sq.ft.
daytime water temperature = 60.0 (F)
M5 M35 M65 M95 M125
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
57.4
56.7
56.2
55.6
55.2
54.8
54.4
54.1
64.4
65.8
66.7
67.5
68.1
68.7
69.2
69.7
70.1
70.5
70.7
70.9
71.0
60.5
59.1
62.6
61.5
60.5
59.6
58.9
58.2
57.5
57.0
61.1
63.1
64.6
65.9
67.0
68.0
68.9
69.7
70.4
71.0
71.4
71.7
71.9
67.6
65.5
64.7
63.4
62.3
61.2
60.3
59.5
58.7
58.1
59.7
61.7
63.4
65.0
66.3
67.4
68.4
69.4
70.3
71.0
71.5
71.9
72.1
70.2
68.1
65.3
64.0
62.8
61.7
60.7
59.8
59.1
58.4
59.3
61.3
63. 1
64.6
66.0
67.2
68.3
69.3
70.2
71.0
71.5
71.9
72.1
70.8
68.8
43.0 58.2 64.0 66.4 67.0
C9 C39 C69 C99 C129
66.3
64.9
63.6
62.5
61.5
60.6
59.8
59.1
61.7
64.1
66.1
67.6
68.7
70.2
71.5
72.7
73.6
73.5
73.2
73.3
73.1
71.8
69.8
66.4
65.0
63.7
62.6
61.6
60.7
59.9
59.2
61.6
63.9
65.9
67.5
68.6
70.1
71.4
72.6
73.5
73.4
73.2
73.3
73.1
71.9
70.0
66.8
65.3
64.0
62.8
61.8
60.8
60.0
59.3
61.4
63.5
65.5
67.1
68.3
69.8
71.2
72.3
73.4
73.2
73.0
73. 1
73.0
72.1
70.4
67.1
65.6
64.2
63.0
62.0
61.0
60.2
59.4
61.2
63.2
65.2
66.8
68.0
69.5
71.0
72.2
73.2
73.1
72.9
73.0
72.9
72.3
70.7
67.2
65.7
64.3
63. 1
62.0
61.1
60.2
59.5
61.2
63.1
65.1
66.7
67.9
69.5
70.9
72.1
73.1
73.1
72.9
73.0
72.9
72.4
70.8
68.0 68.2 68.5 68.9 69.0
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
HN
AA-28
half the pipe spacing = 4.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR F1 F31 F61 F91 F 121
slab thickness 8.0 inches pipe radius = .38 inches
power density 3.0 watts/sq.ft.
daytime water temperature = 60.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
60.6
60.0
59.4
58.8
58.2
57.8
57.3
57.1
63.2
65.7
68. 1
69.6
70.4
73.1
75.0
76.4
77.7
75.4
74.1
74.2
73.3
72.8
71.3
69.5
DAY 2
67.8
66.2
64.9
63.7
62.6
61.6
60.8
60.1
65.0
67.5
69.6
71.0
71.6
74.2
76.0
77.3
78.4
76.1
74.7
74.7
73.8
73.2
71.6
59.7
59.0
58.4
57.8
57.3
56.9
56.5
56. 1
57.9
60.1
62.1
63.9
65.4
66.9
68.2
69.4
70.5
71.1
71.6
72.0
72.3
71.1
69.2
67.5
66.0
64.6
63.4
62.2
61.3
60.4
59.6
58.9
59.7
61.7
63.6
65.2
66.5
67.9
69.1
70.2
71.2
71.8
72.1
72.5
72.7
71.5
69.6
59.7
59. 1
58.4
57.9
57.3
56.9
56.5
56.1
57.7
59.9
61.9
63.7
65.2
66.7
68.1
69.3
70.4
71.0
71.5
71.9
72.2
71.2
69.4
67.7
66.1
64.7
63.5
62.3
61.4
60.5
59.7
59.0
59.7
61.5
63.4
65.0
66.4
67.8
69.0
70.1
71.1
71.7
72.1
72.5
72.7
71.6
69.8
59.8
59.2
58.6
58.0
57.4
57.0
56.5
56.2
57.4
59.4
61.5
63.3
64.8
66.4
67.8
69.1
70.2
70.9
71.3
71.8
72. 1
71.4
69.8
68.1
66.5
65.0
63.7
62.6
61.6
60.6
59.8
59.1
59.5
61.2
63.0
64.6
66.0
67.5
68.8
69.9
71.0
71.5
71.9
72.3
72.6
71.9
70.2
59.9
59.3
58.7
58.1
57.5
57.0
56.6
56.2
57.2
59.0
61.0
62.9
64.5
66.1
67.6
68.9
70.0
70.7
71.2
71.7
72.0
71.6
70.2
68.5
66.8
65.3
64.0
62.8
61.8
60.8
60.0
59.2
59.5
60.8
62.6
64.3
65.7
67.2
68.6
69.7
70.8
71.4
71.8
72.2
72.5
72.0
70.6
59.9
59.4
58.7
58.1
57.6
57.1
56.6
56.3
57. 1
58.9
60.9
62.8
64.4
66.0
67.5
68.8
70.0
70.7
71.2
71.7
72.0
71.7
70.3
68.6
67.0
65.5
64.1
62.9
61.9
60.9
60.1
59.3
59.4
60.7
62.5
64.2
65.6
67.1
68.5
69.7
70.7
71.3
71.8
72.2
72.4
72.1
70.7
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
54.7
54.2
53.9
53.6
53.4
53.1
53.0
52.8
63.3
64.8
65.9
66.8
67.6
68.2
68.9
69.4
69.9
70.4
70.6
70.8
71.0
60.5
59.1
58.2
57.4
56.8
56.2
55.7
55.2
54.8
54.4
54.1
63.8
65.5
66.6
67.4
68.1
68.7
69.3
69.8
70.3
70.7
70.9
71.1
71.2
60.7
59.2
58.0
57.2
56.6
56.2
55.8
55.4
55. 1
54.8
59.2
61.5
63.2
64.8
66.1
67.2
68.3
69.2
70.1
70.8
71.3
71.6
71.9
67.5
65.5
64.0
62.7
61.6
60.6
59.7
58.9
58.2
57.6
57.0
60.3
62.7
64.4
65.8
67.0
68.0
69.0
69.9
70.7
71.3
71.8
72.0
72.2
67.9
65.7
67.8 68.0 68.4 68.8 69.0 43.0 58.3 64.2 66.6 67.3
59.1
58.3
57.7
57.1
56.7
56.2
55.9
55.5
57.4
59.8
61.8
63.6
65.1
66.5
67.7
68.9
69.9
70.7
71.3
71.7
72.0
70.1
68.0
66.3
64.8
63.5
62.3
61.3
60.4
59.5
58.8
58.2
59.1
61.2
63.1
64.8
66.2
67.4
68.6
69.6
70.6
71.3
71.9
72.2
72.4
70.5
68.4
59.4
58.6
58.0
57.4
56.9
56.4
56.1
55.7
57.0
59.2
61.3
63.2
64.8
66.2
67.5
68.7
69.8
70.7
71.3
71.7
72.0
70.8
68.8
67.0
65.4
64.1
62.8
61.8
60.8
59.9
59.1
58.5
58.9
60.8
62.7
64.5
65.9
67.2
68.4
69.5
70.5
71.3
71.9
72.2
72.5
71.2
69. 1
59.9
59.3
58.7
58.1
57.6
57.2
56.8
56.5
59.7
62.5
64.9
66.7
68.0
69.8
71.4
72.7
73.8
73.6
73.3
73.4
73.2
71.8
69.8
68.0
66.4
65.0
63.8
62.6
61.6
60.7
60.0
59.3
61.4
64.0
66.3
68.0
69.2
70.8
72.3
73.5
74.5
74.3
73.9
73.9
73.6
72.2
70.2
60.0
59.3
58.7
58.2
57.6
57.2
56.8
56.5
59.6
62.3
64.7
66.5
67.8
69.7
71.2
72.6
73.7
73.5
73.2
73.3
73.1
71.9
70.0
68.2
66.6
65.1
63.9
62.7
61.7
60.8
60.0
59.3
61.3
63.9
66. 1
67.8
69.0
70.7
72.1
73.4
74.5
74.2
73.8
73.9
73.6
72.3
70.4
60.0
59.4
58.8
58.2
57.7
57.3
56.8
56.5
59.3
61.9
64.3
66.1
67.5
69.4
71.0
72.3
73.5
73.4
73.1
73.2
73.0
72.1
70.4
68.6
66.9
65.4
64.1
63.0
61.9
61.0
60.2
59.5
61.2
63.5
65.7
67.5
68.7
70.4
71.9
73.2
74.3
74.0
73.7
73.7
73.5
72.5
70.7
60. 1
59.6
58.9
58.3
57.8
57.3
56.9
56.6
59.1
61.5
63.9
65.8
67.2
69. 1
70.8
72.1
73.4
73.2
73.0
73.1
72.9
72.3
70.7
68.9
67.2
65.7
64.4
63.2
62.1
61.2
60.3
59.6
61.1
63.2
65.4
67.2
68.4
70.2
71.7
73.0
74.1
73.9
73.6
73.7
73.4
72.7
71.1
68.4 68.5 68.9 69.3 69.4 43.0
TW
60.1
59.6
59.0
58.4
57.8
57.4
56.9
56.6
59.0
61.3
63.7
65.6
67.1
69.0
70.7
72.1
73.3
73.2
72.9
73.1
72.9
72.4
70.9
69. 1
67.4
65.8
64.5
63.3
62.2
61.2
60.4
59.7
61.1
63.1
65.2
67.0
68.3
70.1
71.6
72.9
74.1
73.9
73.6
73.6
73.4
72.8
71.2
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
H
LnI'
48.0 69.8
AA-28 DAY 3
half the pipe spacing = 4.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness 8.0 inches pipe radius = .38 inches
power density 3.0 watts/sq.ft.
daytime water temperature = 60.0 (F)
F1 F31 F61 F91 F121 M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
68.1
66.5
65.1
63.9
62.8
61.8
60.9
60.3
66.0
68.3
70.4
71.6
72.2
74.6
76.4
77.7
78.8
76.4
74.9
75.0
74.0
73.4
71.8
66.3
64.8
63.6
62.4
61.4
60.5
59.7
59.0
60.5
62.4
64.2
65.7
67.0
68.3
69.5
70.6
71.5
72.0
72.4
72.7
72.9
71.7
69.8
66.4
65.0
63.7
62.6
61.5
60.6
59.8
59.1
60.4
62.2
64.0
65.6
66.9
68.2
69.4
70.5
71.5
72.0
72.3
72.7
72.9
71.8
69.9
66.8
65.3
64.0
62.8
61.7
60.8
60.0
59.2
60.2
61.8
63.6
65.2
66.6
67.9
69.2
70.3
71.3
71.8
72.2
72.6
72.8
72.0
70.3
67.1
65.6
64.3
63.0
62.0
61.0
60.1
59.4
60.0
61.5
63.3
64.9
66.3
67.7
69.0
70.1
71.1
71.7
72.1
72.5
72.7
72.2
70.7
67.3
65.7
64.4
63.1
62.0
61.1
60.2
59.4
59.9
61.4
63.1
64.8
66.2
67.6
68.9
70.0
71.1
71.6
72.0
72.4
72.7
72.3
70.9
72.0 69.9 68.0 68.1 68.6 68.9 69.1
43.0 57.6
43.0 56.9
43.0 56.3
43.0 55.8
43.0 55.3
43.0 54.9
43.0 54.5
43.0 54.2
60.0 64.5
60.0 65.9
60.0 66.9
60.0 67.7
60.0 68.3
60.0 68.9
60.0 69.5
60.0 70.0
60.0 70.4
60.0 70.8
60.0 71.0
60.0 71.2
60.0 71.3
43.0 60.8
43.0 59.3
43.0 58.4
62.9
61.8
60.8
59.9
59.1
58.3
57.7
57.1
61.2
63.3
64.9
66.2
67.4
68.4
69.3
70.1
70.9
71.5
71.9
72.2
72.4
68.0
65.9
64.3
65.1
63.7
62.6
61.5
60.5
59.7
58.9
58.3
59.9
61.9
63.7
65.3
66.7
67.9
68.9
69.9
70.8
71.6
72.1
72.4
72.6
70.7
68.5
66.7
65.7
64.3
63.1
61.9
61.0
60.1
59.3
58.6
59.5
61.5
63.4
65.0
66.4
67.7
68.8
69.8
70.8
71.6
72.1
72.4
72.7
71.3
69.3
67.4
66.7
65.3
64.0
62.8
61.8
60.9
60.1
59.4
62.3
64.9
67.0
68.6
69.7
71.2
72.6
73.8
74.8
74.5
74.1
74.1
73.8
72.4
70.4
66.9
65.4
64. 1
62.9
61.9
61.0
60.2
59.5
62.2
64.7
66.8
68.4
69.5
71.1
72.5
73.7
74.8
74.5
74. 1
74.1
73.8
72.5
70.5
67.2
65.7
64.4
63.2
62. 1
61.2
60.3
59.6
62.0
64.3
66.4
68.1
69.2
70.8
72.3
73.5
74.6
74.3
73.9
74.0
73.7
72.7
70.9
67.6
66.0
64.6
63.4
62.3
61.3
60.5
59.7
61.9
64.0
66.1
67.8
69.0
70.6
72.1
73.4
74.5
74.2
73.9
73.9
73.6
72.9
71.3
67.7
66.1
64.7
63.5
62.4
61.4
60.5
59.8
61.8
63.9
66.0
67.7
68.9
70.5
72.0
73.3
74.4
74.2
73.8
73.9
73.6
73.0
71.4
68.5 68.7 69.0 69.4 69.6
TIME TAIR
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
I
F-4ON
AA-29
half the pipe spacing 4.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness = 8.0 inches pipe radius = .38 inches
power density - 3.5 watts/sq.ft.
daytime water temperature = 60.0 (F)
F1 F31 F61 F91 F121 M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
60.7
60.1
59.5
58.9
58.4
57.9
57.5
57.2
64.3
67.1
69.6
71.1
71.8
74.8
76.8
78.3
79.6
76.8
75.1
75.1
74.0
73.5
71.8
70.0
DAY 2
68.3
66.7
65.3
64.1
63.0
62.0
61.1
60.5
66.2
69.0
71.3
72.6
73.1
75.9
77.8
79.2
80.4
77.6
75.8
75.7
74.5
73.9
72.3
70.4
59.7
59.0
58.4
57.9
57.3
56.9
56.5
56.2
58.0
60.3
62.4
64.2
65.8
67.3
68.8
70.0
71.1
71.7
72.1
72.5
72.8
71.6
69.7
67.9
66.3
64.9
63.7
62.5
61.5
60.6
59.8
59.1
60.0
62.1
64.0
65.6
67.0
68.4
69.7
70.9
71.9
72.4
72.7
73.1
73.2
72.0
70.0
68.2
59.7
59.1
58.5
57.9
57.4
56.9
56.5
56.2
57.9
60.1
62.2
64.0
65.6
67.2
68.6
69.9
71.0
71.6
72.0
72.5
72.7
71.7
69.8
68. 1
66.5
65. 1
63.8
62.6
61.6
60.7
59.9
59.2
59.9
61.9
63.8
65.4
66.8
68.3
69.6
70.8
71.8
72.3
72.7
73.0
73.2
72. 1
70.2
68.4
59.8
59.2
58.6
58.0
57.5
57.0
56.6
56.2
57.6
59.7
61.8
63.6
65.2
66.9
68.4
69.7
70.8
71.5
71.9
72.4
72.6
71.9
70.2
68.5
66.8
65.4
64.1
62.9
61.8
60.9
60.1
59.3
59.8
61.5
63.4
65.1
66.5
68.0
69.4
70.6
71.6
72.2
72.5
72.9
73.1
72.3
70.6
68.8
59.9
59.3
58.7
58.1
57.6
57.1
56.6
56.3
57.4
59.3
61.3
63.3
64.9
66.6
68.1
69.5
70.7
71.3
71.8
72.3
72.5
72.1
70.6
68.9
67.2
65.7
64.3
63.1
62.0
61.1
60.2
59.5
59.8
61.2
63.0
64.8
66.2
67.8
69.1
70.4
71.5
72.1
72.4
72.8
73.0
72.6
71.0
69.2
TIME TAIR
TW
59.9
59.4
58.7
58. 1
57.6
57.1
56.7
56.3
57.3
59. 1
61.2
63.1
64.8
66.5
68.0
69.4
70.6
71.3
71.8
72.2
72.5
72.2
70.8
69.0
67.3
65.8
64.5
63.2
62.1
61.2
60.3
59.5
59.7
61.1
62.9
64.6
66.1
67.7
69.1
70.3
71.4
72.0
72.4
72.8
73.0
72.6
71.2
69.4
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
54.7
54.2
53.9
53.6
53.4
53.2
53.0
52.8
63.3
64.9
66.0
66.9
67.7
68.4
69.1
69.7
70.2
70.6
70.9
71.1
71.2
60.7
59.3
58.4
57.6
56.9
56.3
55.8
55.3
54.9
54.5
54.2
63.9
65.7
66.7
67.6
68.3
68.9
69.5
70.1
70.6
70.9
71.2
71.3
71.4
60.9
59.5
58.5
58.0
57.2
56.6
56.2
55.8
55.4
55.1
54.8
59.2
61.6
63.4
65.0
66.3
67.5
68.6
69.6
70.5
71.3
71.8
72.1
72.3
67.9
65.8
64.3
63.0
61.8
60.8
59.9
59.1
58.4
57.8
57.2
60.5
62.9
64.6
66.1
67.3
68.4
69.4
70.3
71.1
71.8
72.2
72.5
72.7
68.3
66.1
64.5
59.1
58.3
57.7
57.1
56.7
56.3
55.9
55.6
57.5
59.9
62.0
63.9
65.5
66.9
68.1
69.3
70.4
71.3
71.9
72.2
72.5
70.6
68.4
66.7
65.2
63.8
62.6
61.6
60.6
59.8
59.0
58.3
59.3
61.5
63.4
65.1
66.6
67.9
69.1
70.1
71.1
71.9
72.4
72.7
72.9
71.0
68.8
67.0
59.4
58.6
58.0
57.4
56.9
56.5
56.1
55.7
57.1
59.4
61.6
63.5
65.2
66.6
68.0
69.2
70.3
71.3
71.9
72.3
72.5
71.2
69.2
67.4
65.8
64.4
63.1
62.0
61.0
60.1
59.4
58.7
59.1
61.0
63.0
64.8
66.4
67.7
68.9
70. 1
71.1
71.9
72.5
72.8
73.0
71.7
69.6
67.7
60.0
59.3
58.7
58.2
57.7
57.3
56.9
56.6
60.2
63.2
65.7
67.5
68.9
70.8
72.4
73.8
75.0
74.6
74.2
74.2
73.8
72.4
70.4
68.5
66.9
65.4
64.1
63.0
61.9
61.0
60.2
59.6
61.9
64.8
67.2
68.9
70.1
71.9
73.4
74.6
75.7
75.3
74.8
74.7
74.3
72.8
70.7
60.0
59.4
58.8
58.2
57.7
57.3
56.9
56.6
60.0
63.0
65.5
67.4
68.7
70.6
72.3
73.7
74.9
74.5
74.1
74.1
73.8
72.5
70.5
68.7
67.0
65.5
64.2
63.1
62.0
61.1
60.3
59.6
61.8
64.6
67.0
68.8
69.9
71.7
73.3
74.5
75.7
75.2
74.7
74.7
74.3
72.9
70.9
60.1
59.5
58.9
58.3
57.8
57.3
56.9
56.6
59.7
62.5
65.0
67.0
68.4
70.3
72.0
73.5
74.7
74.4
74.0
74.0
73.7
72.7
70.9
69.0
67.4
65.8
64.5
63.3
62.2
61.3
60.4
59.7
61.7
64.3
66.6
68.4
69.6
71.5
73.0
74.4
75.5
75.1
74.6
74.6
74.2
73.2
71.3
60.1
59.6
59.0
58.4
57.9
57.4
57.0
56.7
59.5
62.1
64.7
66.6
68.1
70.1
71.8
73.3
74.6
74.3
73.9
73.9
73.6
72.9
71.3
69.4
67.7
66.1
64.8
63.5
62.4
61.5
60.6
59.9
61.7
64.0
66.3
68.1
69.4
71.2
72.8
74.2
75.4
75.0
74.5
74.5
74.1
73.4
71.7
60.2
59.7
59.0
58.5
57.9
57.4
57.0
56.7
59.4
62.0
64.5
66.5
67.9
70.0
71.7
73.2
74.5
74.2
73.8
73.9
73.6
73.0
71.4
69.6
67.8
66.3
64.9
63.6
62.5
61.5
60.7
59.9
61.6
63.9
66. 1
68.0
69.3
71.1
72.8
74. 1
75.3
75.0
74.5
74.5
74.1
73.4
71.8
68.8 69.0 69.4 69.8 69.9
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
I-a
-.4
AA-29 DAY 3
half the pipe spacing = 4.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness 8.0 inches
power density 3.5 watts/sq.ft.
pipe radius = .38 inches
daytime water temperature = 60.0 (F)
F1 F31 F61 F91 F121
66.6
65.2
63.9
62.7
61.7
60.8
60.0
59.3
60.8
62.8
64.6
66.2
67.5
68.9
70.1
71.2
72.2
72.7
73.0
73.3
73.4
72.2
70.2
68.4
66.8
65.3
64.0
62.8
61.8
60.9
60.0
59.3
60.7
62.6
64.4
66.0
67.4
68.7
70.0
71.1
72. 1
72.6
72.9
73.2
73.4
72.3
70.4
68.6
67.2
65.7
64.3
63.1
62.0
61.1
60.2
59.5
60.5
62.2
64.1
65.7
67.1
68.5
69.8
70.9
72.0
72.5
72.8
73.2
73.3
72.5
70.8
69.0
67.5
66.0
64.6
63.4
62.2
61.3
60.4
59.6
60.3
61.9
63.7
65.4
66.8
68.2
69.6
70.8
71.8
72.4
72.7
73.1
73.2
72.7
71.2
69.4
67.7
66.1
64.7
63.5
62.3
61.3
60.5
59.7
60.3
61.8
63.6
65.2
66.7
68.1
69.5
70.7
71.8
72.3
72.7
73. 1
73.2
72.8
71.3
69.5
MS M35 M65 M95 M125
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
57.7
57.1
56.4
55.9
55.4
55.0
54.6
54.3
64.6
66.1
67.0
67.9
68.6
69. 1
69.7
70.2
70.7
71.1
71.3
71.4
71.5
61.0
59.5
58.6
63.2
62.1
61.0
60.1
59.3
58.5
57.9
57.3
61.4
63.5
65.2
66.5
67.7
68.7
69.7
70.6
71.4
72.0
72.4
72.7
72.8
68.4
66.2
64.7
65.4
64.1
62.9
61.8
60.8
59.9
59.2
58.5
60.1
62.2
64.1
65.7
67.1
68.3
69.4
70.5
71.4
72.2
72.7
73.0
73. 1
71.1
68.9
67.1
66.1
64.6
63.4
62.2
61.2
60.3
59.5
58.8
59.8
61.8
63.7
65.4
66.9
68. I
69.3
70.4
71.4
72.2
72.7
73.0
73.2
71.8
69.7
67.8
C9 C39 C69 C99 C129
67.2
65.7
64.4
63.2
62.1
61.2
60.4
59.7
62.9
65.7
67.9
69.5
70.6
72.2
73.8
75.0
76.1
75.6
75.0
74.9
74.5
73.0
70.9
69.0
67.3
65.8
64.5
63.3
62.2
61.3
60.4
59.7
62.8
65.5
67.7
69.4
70.5
72.1
73.7
74.9
76.0
75.5
75.0
74.9
74.5
73.1
71.1
69.2
67.7
66. I
64.7
63.5
62.4
61.5
60.6
59.9
62.7
65.1
67.3
69.0
70.2
71.9
73.4
74.7
75.8
75.4
74.9
74.8
74.4
73.3
71.5
69.6
68.0
66.4
65.0
63.8
62.6
61.6
60.8
60.0
62.5
64.8
67.0
68.7
69.9
71.6
73.3
74.6
75.7
75.3
74.8
74.7
74.3
73.5
71.8
69.9
68.2
66.6
65. 1
63.9
62.7
61.7
60.8
60.1
62.5
64.7
66.9
68.6
69.8
71.6
73.2
74.5
75.7
75.3
74.8
74.7
74.3
73.6
72.0
70.1
TIME TAIR
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
68.6
67.0
65.6
64.3
63.2
62.2
61.3
60.6
67.4
69.8
72.0
73.2
73.7
76.3
78.2
79.6
80.7
77.9
76.1
76.0
74.7
74.1
72.4
70.5
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
I
00IA
AA-30
half the pipe spacing = 6.0 inches
location of pipe = 8 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness = 8.0 inches
power density = 2.5 watts/sq.ft
pipe radius = .38 inches
daytime water temperature = 55.0 (F)
F1 F31 F61 F91 F121
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
59.8
58.9
58.4
58.0
57.7
57.4
57.1
57.0
63.2
65.0
65.9
66.1
65.8
67.2
68.1
68.6
69.1
66.8
65.4
65.3
64.4
62.8
61.7
61.0
OAY 2
60.5
60.1
59.7
59.3
59.0
58.6
58.3
58.1
63.4
65.6
66.7
66.9
66.5
67.9
68.7
69.3
69.7
67.4
66.0
65.8
64.9
63.3
62.2
61.5
59.9
59.7
59.4
59.1
58.8
58.5
58.2
57.9
58.6
59.1
59.6
60.1
60.6
61.2
61.7
62.3
62.8
63.0
63.2
63.4
63.5
63.2
62.9
62.5
62.1
61.6
61.2
60.8
60.4
60.0
59.7
59.3
59.7
60.2
60.7
61.1
61.5
62.0
62.6
63.1
63.6
63.8
63.9
64.1
64.1
63.8
63.4
63.0
59.9
59.7
59.4
59.1
58.8
58.5
58.2
57.9
58.5
58.9
59.5
59.9
60.4
61.0
61.6
62.1
62.7
62.9
63.0
63.3
63.4
63.2
62.9
62.5
62.1
61.7
61.3
60.9
60.5
60.1
59.7
59.4
59.6
60.1
60.5
60.9
61.3
61.9
62.4
62.9
63.4
63.6
63.8
63.9
64.0
63.8
63.5
63.1
60.0
59.8
59.6
59.3
59.0
58.7
58.4
58.1
58.5
58.9
59.3
59.8
60.2
60.8
61.4
62.0
62.6
62.8
63.0
63.2
63.3
63.3
63.1
62.8
62.4
62.0
61.5
61.1
60.7
60.3
59.9
59.6
59.7
60.0
60.4
60.8
61.2
61.8
62.3
62.8
63.4
63.6
63.7
63.9
64.0
63.9
63.7
63.3
M5 M35 M65 M95 M125
60.0
59.9
59.7
59.5
59.2
58.8
58.5
58.2
58.6
58.9
59.3
59.7
60.1
60.8
61.4
61.9
62.5
62.8
62.9
63.2
63.3
63.3
63.2
62.9
62.6
62.2
61.8
61.3
60.9
60.5
60.1
59.7
59.8
60.1
60.4
60.8
61.1
61.7
62.3
62.8
63.3
63.5
63.7
63.9
63.9
64.0
63.8
63.5
60.1
60.0
59.8
59.5
59.2
58.9
58.6
58.3
58.6
58.9
59.2
59.7
60.1
60.7
61.3
61.9
62.5
62.7
62.9
63.1
63.2
63.3
63.2
63.0
62.7
62.3
61.8
61.4
61.0
60.6
60.2
59.8
59.9
60.1
60.4
60.8
61.1
61.7
62.2
62.8
63.3
63.5
63.7
63.9
63.9
64.0
63.9
63.6
59.6
59.1
58.6
58.3
57.9
57.6
57.4
57. 1
57.9
58.8
59.6
60.2
60.8
61.3
61.8
62.3
62.7
63.2
63.5
63.7
63.8
62.9
62.1
61.4
60.9
60.5
60.1
59.7
59.3
59.0
58.6
58.3
58.7
59.6
60.4
61.0
61.6
62.1
62.5
63.0
63.4
63.8
64. 1
64.2
64.4
63.5
62.6
61.9
59.7
59.2
58.7
58.4
58.0
57.7
57.4
57.2
57.7
58.5
59.3
59.9
60.5
61.0
61.5
62.0
62.5
63.0
63.2
63.4
63.6
63.0
62.3
61.6
61.1
60.7
60.2
59.8
59.5
59.1
58.8
58.4
58.6
59.4
60.1
60.8
61.3
61.8
62.3
62.8
63.2
63.6
63.9
64.1
64.2
63.6
62.8
62.2
59.8
59.5
59. 1
58.7
58.4
58. 1
57.8
57.5
57.6
58. 2
58.9
59. 6
60.2
60.7
61.2
61.8
62.3
62. 8
63.1
63.3
63.4
63.2
62.7
62.2
61.7
61.2
60.7
60.3
59.9
59.5
59.2
58.8
58.7
59.2
59.9
60.5
61.0
61.5
62.1
62.6
63.1
63.5
63.8
63.9
64.0
63.8
63.3
62.7
C9 C39 C69 C99 C129
60.0
59.7
59.4
59.1
58.7
58.4
58. 1
57.8
57.7
58. 1
58.7
59.4
60.0
60.5
61.1
61.7
62.2
62.7
63.0
63.2
63.3
63.3
63.0
62.6
62.1
61.7
61.2
60.8
60.3
59.9
59.6
59.2
59.0
59.2
59.7
60.3
60.9
61.4
61.9
62.5
63.0
63.4
63.7
63.9
64.0
63.9
63.6
63.2
60.0
59.8
59.5
59.2
58.9
58.5
58.2
57.9
57.8
58. 1
58.7
59.3
59.9
60.5
61.0
61.6
62.2
62.7
63.0
63.2
63.3
63.4
63.1
62.8
62.3
61.8
61.4
60.9
60.5
60.1
59.7
59.3
59.1
59.2
59.7
60.3
60.8
61.4
61.9
62.5
63.0
63.4
63.7
63.9
64.0
64.0
63.7
63.3
59.1
58.3
58.1
57.9
57.7
57.6
57.5
57.4
68.0
69.2
69.7
69.9
69.9
70.4
70.7
70.9
71.1
70.6
70.2
70.1
69.9
60.5
59.6
59.2
58.9
58.7
58.6
58.4
58.2
58.1
58.0
57.9
67.7
69.5
70.0
70.3
70.2
70.7
71.0
71.2
71.4
70.8
70.4
70.3
70.1
60.7
59.8
59.4
57.3
56.3
55.8
55.5
55.2
55.0
54.8
54.6
59.8
61.6
62.5
62.9
63.1
63.7
64.3
64.6
65.0
64.4
63.9
63.9
63.6
59.8
58.4
57.8
57.3
57.0
56.7
56.4
56.1
55.9
55.6
55.5
59.7
62.0
63.0
63.5
63.6
64.3
64.7
65.1
65.5
64.9
64.4
64.3
64.0
60.2
58.8
58.1
59.3
58.4
57.8
57.4
57.1
56.8
56.5
56.3
59.0
60.7
61.8
62.4
62.6
63.4
64.1
64.6
65.1
64.6
64.1
64.0
63.7
62.4
61.3
60.5
59.9
59.5
59.0
58.7
58.3
58.0
57.7
57.4
59.4
61.4
62.5
63.1
63.4
64.1
64.8
65.3
65.7
65.2
64.6
64.5
64.2
62.9
61.7
61.0
TIME TAIR TW
60.0
59.4
58.9
58.5
58.1
57.8
57.5
57.2
59.2
60.5
61.5
62.2
62.5
63.4
64.1
64.7
65.2
64.7
64.2
64.1
63.8
63.3
62.6
61.9
61.3
60.8
60.3
59.9
59.5
59.1
58.8
58.5
59.9
61.3
62.4
63.0
63.3
64.2
64.8
65.4
65.9
65.4
64.9
64.7
64.4
63.9
63.1
62.4
60.1
59.7
59.2
58.8
58.4
58.0
57.7
57.5
59.3
60.5
61.5
62.1
62.5
63.3
64.1
64.7
65.3
64.8
64.3
64.2
63.9
63.5
62.9
62.3
61.7
61.2
60.7
60.2
59.8
59.4
59.1
58.8
60.1
61.3
62.3
63.0
63.3
64.1
64.8
65.4
66.0
65.5
64.9
64.8
64.5
64. 1
63.5
62.8
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
H
AA-30 DAY 3
half the pipe spacing = 6.0 inches
location of pipe = 8 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR F1 F31 F61 F91 F121
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
60.9
60.5
60.1
59.7
59.3
59.0
58.7
58.4
64.6
66.3
67.2
67.3
67.0
68.3
69.1
69.6
70.1
67.7
66.3
66.1
65.2
63.6
62.4
61.7
62.6
62.2
61.7
61.3
60.9
60.5
60.1
59.7
60.3
60.8
61.2
61.6
62.0
62.5
63.0
63.5
64.0
64.2
64.3
64.4
64.5
64.1
63.8
63.3
62.7
62.2
61.8
61.4
60.9
60.5
60. 1
59.8
60.2
60.6
61.0
61.5
61.8
62.4
62.9
63.4
63.9
64.0
64.2
64.3
64.4
64.2
63.8
63.4
62.9
62.5
62.1
61.6
61.2
60.8
60.4
60~.0
60.3
60.6
61.0
61.4
61.7
62.3
62.8
63.3
63.8
64.0
64.1
64.3
64.3
64.3
64.0
63.7
63.2
62.7
62.3
61.8
61.4
61.0
60.5
60.2
60.4
60.6
60.9
61.3
61.7
62.2
62.7
63.3
63.8
64.0
64.1
64.3
64.3
64.3
64.2
63.9
63.2
62.8
62.4
61.9
61.5
61.0
60.6
60.2
60.4
60.6
60.9
61.3
61.7
62.2
62.7
63.3
63.8
64.0
64.1
64.3
64.3
64.3
64.2
63.9
slab thickness = 8.0 inches pipe radius = .38 inches
power density = 2.5 watts/sq.ft.
daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125 C9 C39 -C69 C99 C129
61.4
60.9
60.5
60.1
59.7
59.3
59.0
58.7
59.4
60.2
61.0
61.5
62.0
62.5
62.9
63.4
63.8
64.2
64.4
64.6
64.7
63.8
62.9
62.2
61.6
61.1
60.7
60.3
59.9
59.5
59.1
58.8
59.2
60.0
60.7
61.3
61.8
62.3
62.7
63.2
63.6
64.0
64.2
64.4
64.5
63.9
63.1
62.4
62.2
61.7
61.2
60.8
60.4
60.0
59.6
59.2
59.3
59.8
60.4
61.0
61.5
62.0
62.5
63.0
63.5
63.9
64.1
64.3
64.4
64.1
63.6
63.0
62.7
62.2
61.7
61.2
60.8
60.4
60.0
59.6
59.4
59.8
60.3
60.9
61.4
61.9
62.4
62.9
63.4
63.9
64.1
64.3
64.4
64.3
64.0
63.5
62.9
62.4
61.9
61.4
61.0
60.5
60.1
59.7
59.5
59.8
60.3
60.8
61.4
61.9
62.4
62.9
63.4
63.9
64.1
64.3
64.4
64.3
64.1
63.7
59.1
58.9
58.7
58.6
58.4
58.3
58.1
58.0
68.6
69.8
70.3
70.4
70.4
70.8
71.2
71.4
71.5
71.0
70.5
70.5
70.2
60.9
59.9
59.5
57.7
57.3
57.0
56.7
56.4
56.1
55.9
55.7
60.8
62.6
63.5
63.8
64.0
64.5
65.0
65.4
65.7
65.1
64.6
64.5
64.2
60.4
59.0
58.3
60.4
59.9
59.4
59.1
58.7
58.3
58.0
57.7
60.4
62.0
63.1
63.6
63.8
64.5
65.1
65.6
66.1
65.5
64.9
64.8
64.5
63.2
62.0
61.2
61.8
61.2
60.8
60.3
59.9
59.5
59.1
58.8
60.7
62.0
63.0
63.6
63.8
64.6
65.3
65.8
66.3
65.8
65.2
65. 1
64.7
64.2
63.4
62.7
62.2
61.6
61.1
60.7
60.3
59.9
59.5
59.1
60.9
62.0
63.0
63.5
63.8
64.6
65.3
65.9
66.4
65.8
65.3
65.2
64.8
64.4
63.8
63.1
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
0
AA-31
half the pipe spacing 6.0 inches
location of pipe = 8 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR
1.0 59.9
2.0 59.0
3.0 58.5
4.0 58.1
5.0 57.8
6.0 57.5
7.0 57.3
8.0 57.2
9.0 64.4
10.0 66.3
11.0 67.4
12.0 67.5
13.0 67.1
14.0 68.8
15.0 69.8
16.0 70.4
17.0 70.9
18.0 68.1
19.0 66.4
20.0 66.2
21.0 65.1
22.0 63.4
23.0 62.3
24.0 61.6
DAY 2
25.0 61.1
26.0 60.6
27.0 60.2
28.0 59.8
29.0 59.5
30.0 59.1
31.0 58.8
32.0 58.6
33.0 64.7
34.0 67.3
35.0 68.4
36.0 68.6
37.0 68.1
38.0 69.7
39.0 70.7
40.0 71.2
41.0 71.7
42.0 68.9
43.0 67.1
44.0 66.9
45.0 65.8
46.0 64.1
47.0 63.0
48.0 62.3
F1 F31 F61 F91 F121
59.9
59.7
59.4
59.1
58.8
58.5
58.2
58.0
58.8
59.3
59.9
60.5
61.0
61.6
62.3
62.9
63.5
63.7
63.8
64.1
64.2
63.8
63.5
63.1
62.7
62.2
61.8
61.4
60.9
60.5
60.2
59.8
60.3
60.8
61.3
61.8
62.2
62.8
63.4
64.0
64.5
64.7
64.8
65.0
65.0
64.7
64.3
63.9
59.9
59.7
59.4
59.1
58.8
58.5
58.3
58.0
58.6
59.2
59.8
60.3
60.8
61.5
62.1
62.7
63.3
63.6
63.7
63.9
64.0
63.8
63.5
63.2
62.7
62.3
61.9
61.4
61.0
60.6
60.2
59.9
60.2
60.7
61.2
61.7
62.1
62.7
63.3
63.9
64.4
64.6
64.7
64.9
64.9
64.7
64.4
63.9
60.0
59.8
59.6
59.3
59.0
58.7
58.4
58.1
58.6
59.1
59.6
60.2
60.7
61.3
62.0
62.6
63.3
63.5
63.7
63.9
64.0
63.9
63.7
63.4
63.0
62.6
62.1
61.7
61.3
60.8
60.4
60.1
60.3
60.7
61.1
61.6
62.0
62.6
63.2
63.8
64.4
64.6
64.7
64.9
64.9
64.8
64.6
64.2
60.1
59.9
59.7
59.5
59.2
58.9
58.6
58.3
58.7
59.1
59.6
60.1
60.6
61.3
61.9
62.6
63.2
63.5
63.7
63.9
64.0
64.0
63.9
63.6
63.2
62.8
62.4
61.9
61.5
61.1
60.6
60.3
60.4
60.7
61.1
61.5
61.9
62.6
63.2
63.8
64.3
64.6
64.7
64.9
64.9
64.9
64.7
64.4
60.1
60.0
59.8
59.5
59.3
58.9
58.6
58.4
58.8
59.1
59.6
60.1
60.5
61.2
61.9
62.6
63.2
63.5
63.6
63.9
64.0
64.0
63.9
63.7
63.3
62.9
62.5
62.0
61.6
61.1
60.7
60.3
60.5
60.8
61. 1
61.5
61.9
62.5
63.2
63.8
64.3
64.6
64.7
64.9
64.9
64.9
64.8
64.5
slab thickness = 8.0 inches pipe radius = .38 inches
power density = 3.0 watts/sq.ft.
daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
59.6
59.1
58.6
58.3
58.0
57.7
57.4
57. 1
57.9
58.9
59.7
60.5
61.1
61.6
62.2
62.7
63.3
63.7
64.0
64.2
64.4
63.5
62.6
62.0
61.4
61.0
60.6
60.2
59.8
59.4
59. 1
58.7
59.2
60.1
60.9
61.6
62.2
62.7
63.2
63.7
64.2
64.6
64.9
65.1
65.2
64.3
63.3
62.7
59.7
59.2
58.7
58.4
58.1
57.8
57.5
57.2
57.7
58.6
59.4
60.2
60.8
61.4
61.9
62.5
63.1
63.5
63.9
64.1
64.2
63.6
62.8
62.2
61.7
61.2
60.8
60.3
60.0
59.6
59.2
58.9
59.1
59.9
60.7
61.3
61.9
62.5
63.0
63.5
64.0
64.5
64.7
64.9
65.0
64.4
63.6
62.9
59.8
59.5
59. 1
58.8
58.4
58.1
57.8
57.5
57.7
58.3
59.1
59.8
60.5
61.1
61.7
62.3
62.9
63.4
63.7
63.9
64.1
63.8
63.3
62.8
62.2
61.8
61.3
60.9
60.4
60.0
59.7
59.3
59.2
59.7
60.4
61.1
61.7
62.3
62.8
63.4
63.9
64.4
64.7
64.8
64.9
64.7
64.1
63.5
60.0
59.7
59.4
59.1
58.8
58.4
58.1
57.8
57.8
58.2
58.9
59.7
60.3
61.0
61.6
62.2
62.9
63.4
63.7
63.9
64.0
64.0
63.7
63.2
62.7
62.2
61.8
61.3
60.9
60.5
60.1
59.7
59.5
59.7
60.3
61.0
61.6
62.2
62.8
63.3
63.9
64.4
64.7
64.8
64.9
64.9
64.5
64.0
60.0
59.8
59.6
59.2
58.9
58.6
58.2
57.9
57.8
58.2
58.9
59.6
60.3
60.9
61.6
62.2
62.8
63.4
63.7
63.9
64.0
64.0
63.8
63.4
62.9
62.4
61.9
61.5
61.0
60.6
60.2
59.8
59.6
59.8
60.3
60.9
61.6
62. 1
62.7
63.3
63.9
64.4
64.7
64.9
64.9
64.9
64.6
64.2
59.1
58.4
58.1
57.9
57.8
57.6
57.5
57.5
68.3
69.6
70.2
70.4
70.4
70.9
71.3
71.5
71.7
71.0
70.5
70.5
70.1
60.8
59.8
59.4
59.2
59.0
58.8
58.6
58.5
58.3
58.2
58.1
68.1
70.0
70.6
70.8
70.8
71.3
71.6
71.9
72.1
71.4
70.9
70.8
70.5
61.1
60.1
59.7
57.4
56.3
55.8
55.5
55.3
55.0
54.8
54.7
60.2
62.2
63.1
63.6
63.7
64.4
65.0
65.5
65.9
65.2
64.6
64.4
64.1
60.3
58.9
58.2
57.7
57.4
57.1
56.8
56.5
56.2
56.0
55.8
60.3
62.8
63.9
64.3
64.4
66.2
65.7
66.1
66.5
65.8
65.1
65.0
64.6
60.8
59.4
58.7
59.3
58.4
57.9
57.5
57.2
56.9
56.6
56.4
59.5
61.3
62.5
63.1
63.4
64.3
65.0
65.6
66.2
65.5
64.9
64.7
64.3
63.0
61.8
61.1
60.5
60.0
59.6
59.2
58.8
58.5
58.1
57.9
60.2
62.3
63.5
64.2
64.4
65.3
66.0
66.5
67.0
66.3
65.6
65.5
65.0
63.7
62.5
61.7
60.0
59.4
59.0
58.5
58.2
57.8
57.5
57.3
59.6
61.1
62.3
63.0
63.3
64.3
65.1
65.8
66.4
65.8
65.1
65.0
64.6
64.0
63.2
62.5
61.9
61.4
60.9
60.4
60.0
59.6
59.3
59.0
60.7
62.3
63.5
64.2
64.5
65.4
66.1
66.8
67.4
66.7
66.0
65.8
65.4
64.8
64.0
63.2
60.1
59.7
59.3
58.8
58.5
58.1
57.8
57.6
59.7
61.1
62.2
63.0
63.3
64.3
65.1
65.8
66.5
65.8
65.2
65.0
64.6
64.2
63.6
62.9
62.3
61.8
61.3
60.8
60.4
60.0
59.6
59.3
60.9
62.3
63.4
64.2
64.5
65.4
66.2
66.9
67.4
66.8
66.1
65.9
65.5
65.0
64.4
63.6
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
TW
H
H
AA-31 DAY 3
half the pipe spacing = 6.0 inches
location of pipe = 8 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR
61.7
61.2
60.8
60.4
60.0
59.6
59.3
59.1
66.2
68.1
69.0
69. 1
68.6
70.1
71.1
71.7
72.2
69.3
67.5
67.3
66.2
64.5
63.3
62.6
F1 F31 F61 F91 F121
63.4
62.9
62.5
62.0
61.6
61.1
60.7
60.3
61.0
61.5
62.0
62.5
62.9
63.4
64.0
64.5
65.1
65.2
65.3
65.5
65.5
65.1
64.7
64.2
63.5
63.0
62.6
62. 1
61.6
61.2
60.8
60.4
61.0
61.4
61.9
62.3
62.7
63.3
63.9
64.4
64.9
65.1
65.2
65.4
65.4
65.1
64.8
64.3
63.8
63.3
62.8
62.4
61.9
61.5
61.0
60.6
61.0
61.4
61.8
62.3
62.7
63.2
63.8
64.4
64.9
65.1
65.2
65.3
65.4
65.3
65.0
64.6
64.0
63.6
63.1
62.6
62. 1
61.7
61.3
60.8
61.2
61.4
61.8
62.2
62.6
63.2
63.8
64.4
64.9
65.1
65.2
65.4
65.4
65.4
65.2
64.8
64.1
63.7
63.2
62.7
62.2
61.8
61.3
60.9
61.2
61.5
61.8
62.2
62.6
63.2
63.8
64.4
64.9
65.1
65.2
65.4
65.4
65.4
65.2
64.9
slab thickness 8.0 inches
power density 3.0 watts/sq.ft.
pipe radius = .38 inches
daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
62.1
61.6
61.2
60.7
60.3
59.9
59.6
59.2
59.9
60.8
61.6
62.2
62.8
63.2
63.7
64.2
64.7
65. 1
65.3
65.5
65.5
64.6
63.7
63.0
62.3
61.8
61.4
60.9
60.5
60.1
59.7
59.4
59.8
60.6
61.3
62.0
62.5
63.0
63.5
64.0
64.5
64.9
65.2
65.3
65.4
64.8
63.9
63.3
63.0
62.4
61.9
61.5
61.0
60.6
60.2
59.8
59.9
60.4
61.1
61.8
62.4
62.9
63.4
63.9
64.4
64.9
65.1
65.3
65.4
65. 1
64.5
63.9
63.5
63.0
62.5
62.0
61.5
61.1
60.6
60.2
60.1
60.4
61.0
61.7
62.3
62.8
63.3
63.9
64 .5
64.9
65.2
65.3
65.4
65.3
64.9
64.4
63.7
63.2
62.6
62.2
61.7
61.2
60.8
60.4
60.2
60.5
61.0
61.7
62.2
62.8
63.3
63.9
64.5
64.9
65.2
65.3
65.4
65.4
65.1
64.6
59.4
59.2
59.0
58.8
58.7
58.5
58.4
58.3
69. I
70.4
70.9
71.1
71.0
71.5
71.8
72. 1
72.3
71.5
71.0
70.9
70.6
61.2
60.2
59.8
58.2
57.8
57.5
57.2
56.9
56.6
56.3
56.1
61.6
63.5
64.4
64.8
64.9
65.5
66.1
66.5
66.8
66.1
65.4
65.3
64.9
61.1
59.6
58.9
61.1
60.6
60.1
59.7
59.3
58.9
58.6
58.3
61.3
63.1
64.2
64.8
65.0
65.7
66.4
67.0
67.5
66.7
66.0
65.8
65.4
64.1
62.8
62.0
62.6
62.0
61.5
61.0
60.6
60.2
59.8
59.5
61.7
63.1
64.2
64.8
65.1
65.9
66.7
67.3
67.8
67. 1
66.5
66.2
65.8
65.2
64.3
63.6
63.0
62.4
61.9
61.4
61.0
60.5
60.1
59.8
61.9
63.2
64.2
64.8
65.1
65.9
66.7
67.4
67.9
67.3
66.6
66.4
65.9
65.4
64.7
64.0
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
I
AA-32
half the pipe spacing = 6.0 inches
location of pipe = 8 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness 8.0 inches
power density 3.5 watts/sq.ft.
pipe radius = .38 inches
daytime water temperature = 55.0 (F)
F1 F31 F61 F91 F121
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
60.0
59.1
58.6
58.3
57.9
57.7
57.4
57.3
65.5
67.6
68.8
68.9
68.4
70.3
71.4
72.1
72.7
69.4
67.3
67.1
65.8
64.1
62.9
62.2
DAY 2
61.7
61.2
60.8
60.4
60.0
59.7
59.3
59.2
66.1
68.9
70. 1
70.3
69.7
71.5
72.6
73.2
73.7
70.4
68.3
68.1
66.7
65.0
63.8
63.0
59.9
59.7
59.4
59. 1
58.9
58.6
58.3
58.0
58.9
59.6
60.2
60.8
61.4
62.1
62.8
63.5
64.1
64.4
64.5
64.7
64.8
64.5
64.1
63.7
63.3
62.8
62.3
61.9
61.5
61.1
60.7
60.3
60.9
61.4
62.0
62.5
63.0
63.6
64.3
64.9
65.5
65.6
65.7
65.9
65.9
65.5
65.1
64.7
59.9
59.7
59.5
59.2
58.9
58.6
58.3
58.0
58.8
59.4
60. 1
60.7
61.2
61.9
62.7
63.4
64.0
64.2
64.4
64.6
64.7
64.5
64.2
63.8
63.3
62.9
62.4
62.0
61.6
61.1
60.7
60.4
60.8
61.3
61.9
62.4
62.8
63.5
64.2
64.8
65.4
65.5
65.6
65.8
65.8
65.6
65.2
64.8
60.0
59.9
59.6
59.4
59.1
58.8
58.5
58.2
58.8
59.4
60.0
60.5
61.1
61.8
62.6
63.3
64.0
64.2
64.4
64.6
64.7
64.6
64.4
64.0
63.6
63.2
62.7
62.3
61.8
61.4
61.0
60.6
60.9
61.3
61.8
62.3
62.8
63.4
64.1
64.7
65.4
65.6
65.6
65.8
65.8
65.7
65.5
65.1
M5 M35 M65 M95 M125
60.1
60.0
59.8
59.5
59.2
58.9
58.6
58.3
58.9
59.4
59.9
60.5
61.0
61.8
62.5
63.3
63.9
64.2
64.4
64.6
64.7
64.7
64.5
64.3
63.9
63.4
63.0
62.5
62.1
61.6
61.2
60.8
61.0
61.4
61.8
62.3
62.7
63.4
64.1
64.7
65.4
65.6
65.7
65.8
65.9
65.8
65.6
65.3
60.1
60.0
59.8
59.6
59.3
59.0
58.7
58.4
58.9
59.4
59.9
60.4
61.0
61.7
62.5
63.2
63.9
64.2
64.4
64.6
64.7
64.7
64.6
64.3
64.0
63.5
63.1
62.6
62.1
61.7
61.3
60.9
61.1
61.4
61.8
62.3
62.7
63.4
64.1
64.7
65.4
65.6
65.7
65.9
65.9
65.9
65.7
65.4
59.6
59.1
58.6
58.3
58.0
57.7
57.4
57.2
58.0
59.0
59.9
60.7
61.4
62.0
62.6
63.2
63.8
64.3
64.6
64.8
65.0
64.1
63.2
62.5
62.0
61.5
61.0
60.6
60.2
59.9
59.5
59.2
59.6
60.6
61.4
62.1
62.8
63.3
63.9
64.4
64.9
65.4
65.7
65.9
65.9
65.0
64. 1
63.4
59.7
59.2
58.8
58.4
58.1
57.8
57.5
57.2
57.8
58.7
59.6
60.4
61.1
61.7
62.4
63.0
63.6
64.1
64.5
64.7
64.8
64.2
63.4
62.8
62.2
61.7
61.3
60.8
60.4
60.0
59.7
59.3
59.5
60.3
61.2
61.9
62.6
63.1
63.7
64.3
64.8
65.3
65.6
65.7
65.8
65.2
64.3
63.7
59.8
59.5
59.1
58.8
58.4
58.1
57.8
57.6
57.7
58.5
59.3
60.1
60.8
61.5
62.2
62.9
63.5
64.1
64.4
64.6
64.7
64.5
63.9
63.4
62.8
62.3
61.8
61.4
61.0
60.5
60.1
59.8
59.7
60.2
61.0
61.7
62.4
63.0
63.6
64.2
64.8
65.3
65.6
65.7
65.8
65.5
64.9
64.3
C9 C39 C69 C99 C129
60.0
59.8
59.4
59.1
58.8
58.5
58.2
57.9
57.9
58.4
59.2
60.0
60.7
61.4
62.1
62.8
63.5
64.1
64.4
64.6
64.7
64.7
64.3
63.9
63.3
62.8
62.3
61.9
61.4
61.0
60.6
60.2
59.9
60.3
60.9
61.6
62.3
62.9
63.6
64.2
64.8
65.4
65.7
65.8
65.9
65.8
65.4
64.9
60.0
59.8
59.6
59.2
58.9
58.6
58.3
58.0
57.9
58.4
59.1
59.9
60.7
61.3
62. 1
62.8
63.5
64.1
64.4
64.6
64.7
64.7
64.5
64.0
63.5
63.0
62.5
62.0
61.6
61.2
60.7
60.3
60.1
60.3
60.9
61.6
62.3
62.9
63.6
64.2
64.9
65.4
65.7
65.8
65.9
65.8
65.5
65.0
59.1
58.4
58.1
57.9
57.8
57.7
57.6
57.5
68.7
70.0
70.6
70.8
70.8
71.4
71.8
72.1
72.3
71.5
70.9
70.8
70.4
61.1
60.1
59.7
59.4
59.2
59.0
58.8
58. 7
58. 5
58.4
58.3
68.6
70.5
71.2
71.4
71.3
71.9
72.3
72.6
72.8
71.9
71.3
71.2
70.8
61.4
60.4
60.0
57.4
56.3
55.9
55.6
55.3
55.1
54.9
54.8
60.6
62.7
63.7
64.2
64.3
65.2
65.8
66.3
66.8
65.9
65.2
65.0
64.6
60.7
59.3
58.6
58.2
57.8
57.4
57.1
56.8
56.6
56.3
56.1
60.9
63.6
64.7
65.2
65.3
66.1
66.7
67.2
67.6
66.7
65.9
65.7
65.3
61.4
60.0
59.2
59.3
58.5
57.9
57.5
57.2
56.9
56.7
56.5
59.9
61.9
63.2
63.9
64.2
65.2
66.0
66.7
67.3
66.4
65.7
65.5
65.0
63.6
62.4
61.6
61.0
60.5
60.1
59.7
59.3
58.9
58.6
58.3
60.9
63.2
64.5
65.2
65.4
66.4
67.2
67.8
68.3
67.5
66.7
66.4
65.9
64.5
63.3
62.4
TIME TAIR TW
60.0
59.5
59.0
58.6
58.2
57.9
57.6
57.4
60.1
61.8
63.1
63.8
64.2
65.2
66.2
66.9
67.6
66.8
66.0
65.8
65.3
64.7
63.9
63.1
62.5
61.9
61.4
61.0
60.6
60.2
59.8
59.5
61.5
63.3
64.5
65.3
65.6
66.6
67.5
68.2
68.8
68.0
67. I
66.9
66.3
65.7
64.8
64.0
60.2
59.8
59.3
58.9
58.5
58.2
57.9
57.7
60.2
61.8
63.0
63.8
64.1
65.2
66.2
67.0
67.7
66.9
66.1
65.9
65.4
64.9
64.3
63.6
62.9
62.4
61.8
61.4
60.9
60.5
60.1
59.8
61.7
63.3
64.6
65.3
65.6
66.7
67.5
68.3
68.9
68.1
67.3
67.0
66.4
66.0
65.2
64.5
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
AA-32 DAY 3
half the pipe spacing = 6.0 inches
location of pipe = 8 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness = 8.0 inches
power density = 3.5 watts/sq.ft.
pipe radius = .38 inches
daytime water temperature = 55.0 (F)
TIME TAIR F1 F31 F61 F91 F121 M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
62.5
62.0
61.5
61.1
60.7
60.3
59.9
59.7
67.8
69.8
70.9
70.9
70.3
72.0
73.1
73.8
74.3
70.9
68.8
68.5
67.2
65.4
64.2
63.4
64.2
63.7
63.2
62.7
62.3
61.8
61.4
61.0
61.8
62.3
62.8
63.3
63.7
64.3
65.0
65.6
66.1
66.2
66.3
66.5
66.5
66.0
65.6
65.1
64.3
63.8
63.3
62.8
62.4
61.9
61.5
61.1
61.7
62.2
62.7
63.2
63.6
64.2
64.9
65.5
66.0
66.2
66.2
66.4
66.4
66.1
65.7
65.3
64.6
64.1
63.6
63.1
62.6
62.2
61.7
61.3
61.8
62.2
62.7
63.1
63.6
64.2
64.8
65.4
66.0
66.2
66.3
66.4
66.4
66.3
66.0
65.6
64.9
64.4
63.9
63.4
62.9
62.4
62.0
61.5
61.9
62.3
62.7
63.1
63.5
64.2
64.8
65.5
66.1
66.2
66.3
66.4
66.4
66.4
66.2
65.8
65.0
64.5
64.0
63.5
63.0
62.5
62.0
61.6
62.0
62.3
62.7
63.1
63.5
64.2
64.8
65.5
66. 1
66.2
66.3
66.5
66.5
66.4
66.2
65.9
62.8
62.3
61.8
61.4
60.9
60.5
60.1
59.8
60.5
61.4
62.2
62.9
63.5
64.0
64.5
65.0
65.5
65.9
66.2
66.4
66.4
65.5
64.5
63.8
63.1
62.5
62.0
61.6
61.2
60.7
60.3
60.0
60.4
61.2
62.0
62.7
63.3
63.8
64.3
64.9
65.4
65.9
66.1
66.3
66.3
65.7
64.8
64.1
63.7
63.2
62.7
62.2
61.7
61.3
60.8
60.4
60.5
61.1
61.8
62.5
63.2
63.7
64.3
64.9
65.4
65.9
66.2
66.3
66.3
66.0
65.4
64.8
64.3
63.7
63.2
62.7
62.2
61.8
61.3
60.9
60.7
61.1
61.8
62.5
63. 1
63.7
64.3
64.9
65.5
66.0
66.3
66.4
66.4
66.3
65.9
65.3
64.5
64.0
63.4
62.9
62.4
61.9
61.5
61.0
60.8
61.2
61.8
62.5
63.1
63.7
64.3
64.9
65.5
66.0
66.3
66.4
66.5
66.4
66.0
65.5
59.7
59.5
59.3
59.1
58.9
58.8
58.6
58.5
69.6
71.0
71.5
71.7
71.6
72.1
72.5
72.8
73.0
72.1
71.5
71.4
71.0
61.6
60.6
60.2
58.7
58.3
58.0
57.6
57.3
57.0
56.8
56.6
62.3
64.3
65.3
65.7
65.8
66.5
67.1
67.6
68.0
67.0
66.3
66.1
65.6
61.7
60.3
59.5
61.8
61.2
60.8
60.3
59.9
59.5
59.2
58.9
62.2
64.2
65.3
65.9
66.1
66.9
67.7
68.3
68.9
68.0
67.1
66.9
66.3
64.9
63.7
62.8
63.4
62.8
62.2
61.7
61.3
60.8
60.4
60.1
62.7
64.3
65.4
66.1
66.3
67.2
68.1
68.8
69.4
68.5
67.7
67.4
66.8
66.2
65.3
64.5
63.8
63.2
62.7
62.2
61.7
61.2
60.8
60.5
62.9
64.3
65.5
66.1
66.4
67.3
68.2
68.9
69.5
68.7
67.8
67.5
67.0
66.4
65.7
64.9
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
H
AA-33
half the pipe spacing = 6.0 inches
location of pipe - 8 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
FI F31 F61
59.8
58.9
58.4
58.0
57.7
57.4
57.1
57.0
63.8
66. 1
67.3
67.7
67.6
69.2
70.3
70.9
71.6
69.4
68. 1
68.2
67.4
65.3
63.8
63.0
OAY 2
62.4
61.8
61.3
60.9
60.5
60.1
59.7
59.5
65.1
67.9
69.1
69.6
69.4
70.9
71.8
72.5
73. 1
70.9
69.5
69.5
68.6
66.5
65.0
64.1
59.9
59.7
59.4
59.1
58.8
58.5
58.2
57.9
58.8
59.5
60.2
60.9
61.5
62.3
63.1
63.8
64.5
64.9
65.3
65.6
65.9
65.5
65.2
64.7
64.2
63.7
63.2
62.7
62.3
61.8
61.4
60.9
61.4
62.0
62.6
63.2
63.7
64.4
65.1
65.7
66.4
66.7
66.9
67.2
67.4
67.0
66.6
66.1
59.9
59.7
59.4
59. 1
58.8
58.5
58.2
57.9
58.6
59.2
59.9
60.6
61.3
62.1
62.8
63.6
64.3
64.7
65.0
65.4
65.7
65.5
65.2
64.8
64.3
63.8
63.3
62.8
62.4
61.9
61.4
61.0
61.3
61.8
62.4
63.0
63.5
64.2
64.9
65.5
66.2
66.5
66.7
67.1
67.2
67.0
66.7
66.2
F91 F121
60.0
59.8
59.6
59.3
59.0
58.7
58.4
58.1
58.5
59.0
59.7
60.3
61.0
61.8
62.6
63.4
64.1
64.5
64.9
65.2
65.5
65.6
65.4
65.1
64.6
64.2
63.6
63.1
62.6
62.2
61.7
61.3
61.4
61.7
62.2
62.8
63.3
64.0
64.7
65.3
66.0
66.3
66.6
66.9
67.1
67.1
66.9
66.5
60.0
59.9
59.7
59.5
59.2
58.8
58.5
58.2
58.6
59.0
59.5
60.1
60.8
61.6
62.4
63.2
63.9
64.4
64.7
65. 1
65.4
65.6
65.5
65.3
64.9
64.4
63.9
63.4
62.9
62.4
61.9
61.5
61.5
61.8
62.1
62.6
63.1
63.8
64.5
65.2
65.9
66.2
66.5
66.8
67.0
67.1
67.0
66.7
slab thickness 8.0 inches pipe radius
power density 2.5 watts/sq.ft.
daytime water temperature = 60.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
60.1
60.0
59.8
59.5
59.2
58.9
58.6
58.3
58.6
59.0
59.5
60.1
60.7
61.5
62.3
63.1
63.9
64.3
64.7
65.1
65.3
65.5
65.5
65.3
65.0
64.5
64.0
63.5
63.0
62.5
62.0
61.6
61.6
61.8
62.1
62.6
63. 1
63.8
64.5
65.2
65.8
66.2
66.5
66.8
67.0
67.1
67.1
66.8
59.6
59.1
58.6
58.3
57.9
57.6
57.4
57. 1
58.3
59.6
60.6
61.5
62.3
63.0
63.7
64.3
65.0
65.5
66.0
66.3
66.6
65.5
64.4
63.5
62.9
62.4
61.9
61.4
61.0
60.5
60.1
59.8
60.4
61.7
62.7
63.5
64.2
64.8
65.4
66.0
66.6
67. 1
67.5
67.7
68.0
66.8
65.6
64.7
59.7
59.2
58.7
58.4
58.0
57.7
57.4
57.2
57.9
59. 1
60.2
61.1
61.8
62.6
63.3
63.9
64.6
65.2
65.6
66.0
66.3
65.6
64.6
63.8
63.2
62.6
62.1
61.6
61.2
60.7
60.3
59.9
60.2
61.3
62.3
63.1
63.8
64.5
65.1
65.7
66.3
66.8
67.2
67.5
67.7
66.9
65.9
65.0
59.8
59.5
59.1
58.7
58.4
58.1
57.8
57.5
57.7
58.6
59.5
60.4
61.2
62.0
62.7
63.4
64.2
64.8
65.2
65.6
65.9
65.7
65.1
64.4
63.8
63.3
62.7
62.2
61.7
61.3
60.8
60.4
60.3
61.0
61.8
62.6
63.3
64.0
64.6
65.3
65.9
66.5
66.9
67.1
67.4
67.1
66.4
65.7
60.0
59.7
59.4
59.1
58.7
58.4
58.1
57.8
57.8
58.3
59.1
60.0
60.8
61.6
62.3
63.1
63.9
64.5
65.0
65.4
65.7
65.7
65.4
64.9
64.4
63.8
63.3
62.7
62.2
61.8
61.3
60.9
60.6
60.9
61.5
62.3
63.0
63.7
64.4
65.1
65.7
66.3
66.7
67.0
67.2
67.2
66.9
66.3
60.0
59.8
59.5
59.2
58.9
58.5
58.2
57.9
57.8
58.2
59.0
59.8
60.7
61.4
62.2
63.0
63.8
64.4
64.9
65.3
65.6
65.7
65.6
65.1
64.6
64.0
63.5
62.9
62.4
61.9
61.5
61.0
60.7
60.9
61.4
62.2
62.9
63.6
64.3
65.0
65.6
66.2
66.6
66.9
67.2
67.2
67.0
66.5
59. 1
58.3
58.1
57.9
57.7
57.6
57.5
57.4
71.9
73.5
74.2
74.5
74.6
75.1
75.5
75.8
76.1
75.5
75.2
75.2
75.0
61.9
60.6
60.0
59.7
59.5
59.3
59.1
58.9
58.7
58.6
58.4
71.9
74.2
74.9
75.3
75.3
75.8
76.2
76.5
76.7
76.1
75.8
75.8
75.5
62.4
61.0
60.5
57.3
56.3
55.8
55.5
55.2
55.0
54.8
54.6
61.3
63.7
64.9
65.5
65.8
66.6
67.3
67.8
68.3
67.8
67.4
67.4
67.3
62.0
60.2
59.3
58.7
58.3
57.9
57.6
57.3
57.0
56.7
56.5
61.9
65.0
66.2
66.9
67.1
67.9
68.5
69.0
69.4
68.9
68.4
68.4
68.2
62.9
61.0
60.1
38 inches
TW
59.3
58.4
57.8
57.4
57.1
56.8
56.5
56.3
59.5
61.7
63.1
63.9
64.4
65.4
66.2
66.9
67.5
67.1
66.8
66.8
66.6
65.0
63.5
62.5
61.8
61.2
60.7
60.3
59.8
59.4
59.1
58.8
61.1
63.4
64.9
65.7
66.1
67.0
67.8
68.4
69.0
68.6
68.1
68.1
67.9
66.2
64.6
63.6
60.0
59.4
58.9
58.5
58. 1
57.8
57.5
57.2
59.3
61.0
62.3
63.2
63.8
64.8
65.8
66.5
67.3
66.9
66.6
66.6
66.4
65.9
65.0
64.1
63.4
62.8
62.2
61.7
61.2
60.8
60.3
60.0
61.4
63.1
64.4
65.3
65.8
66.7
67.6
68.3
68.9
68.5
68.1
68.1
67.8
67.3
66.3
65.4
60.1
59.7
59.2
58.8
58.4
58.0
57.7
57.5
59.4
60.8
62.1
63.0
63.6
64.7
65.6
66.4
67.2
66.8
66.5
66.6
66.4
66.1
65.4
64.6
63.9
63.2
62.6
62.1
61.6
61.1
60.7
60.3
61.6
63.0
64.2
65.1
65.6
66.6
67.5
68.2
68.9
68.5
68.1
68.1
67.8
67.5
66.7
65.9
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
I-'
U,
AA-33 DAY 3
half the pipe spacing = 6.0 inches
location of pipe = 8 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness = 8.0 inches pipe radius = .38 inches
power density 2.5 watts/sq.ft.
daytime water temperature = 60.0 (F)
F1 F31 F61 F91 F121
65.5
65.0
64.4
63.9
63.4
62.8
62.4
61.9
62.6
63.1
63.7
64.2
64.7
65.4
66.0
66.6
67.2
67.5
67.7
68.0
68.1
67.7
67.2
65.6
65.1
64.5
64.0
63.5
62.9
62.4
62.0
62.5
62.9
63.5
64.0
64.5
65.1
65.8
66.4
67.0
67.3
67.5
67.8
68.0
67.7
67.3
66.0
65.4
64.9
64.3
63.8
63.2
62.7
62.3
62.5
62.9
63.3
63.8
64.3
65.0
65.6
66.3
66.9
67.2
67.4
67.7
67.8
67.8
67.5
66.3
65.7
65.2
64.6
64.0
63.5
63.0
62.5
62.7
62.9
63.2
63.7
64.2
64.8
65.5
66.2
66.8
67.1
67.3
67.6
67.8
67.9
67.7
66.4
65.8
65.3
64.7
64.2
63.6
63.1
62.6
62.7
62.9
63.2
63.7
64.1
64.8
65.5
66.1
66.8
67.1
67.3
67.6
67.8
67.9
67.8
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
MS M35 M65 M95 M125
64.0
63.4
62.9
62.4
61.9
61.5
61.0
60.6
61.6
62.8
63.7
64.5
65. 1
65.7
66.2
66.8
67.3
67.8
68.1
68.4
68.6
67.4
66.2
64.3
63.7
63.2
62.7
62.2
61.7
61.2
60.8
61.4
62.4
63.3
64.1
64.8
65.3
65.9
66.5
67.0
67.5
67.9
68.1
68.3
67.5
66.5
65.1
64.5
63.9
63.3
62.8
62.3
61.8
61.3
61.4
62.1
62.9
63.6
64.3
64.9
65.5
66.1
66.7
67.3
67.6
67.9
68.1
67.8
67.1
65.7
65.1
64.5
63.9
63.3
62.8
62.3
61.8
61.6
62.0
62.6
63.4
64.0
64.7
65.3
65.9
66.6
67.1
67.5
67.7
67.9
67.9
67.5
65.9
65.3
64.7
64.1
63.5
63.0
62.5
62.0
61.7
62.0
62.6
63.3
64.0
64.6
65.2
65.9
66.5
67.1
67.4
67.7
67.9
67.9
67.7
63.4
62.8
62.3
61.8
61.4
60.9
60.5
60.2
66.9
69.0
70.1
70.4
70.2
71.6
72.6
73.2
73.7
71.5
70.1
70.1
69.2
67.0
65.5
64.6
C9 C39 C69 C99 C129
60.2 59.5 62.9 64.6
59.9 59.1 62.2 63.9
59.7 58.6 61.7 63.3
59.5 58.3 61.2 62.7
59.3 57.9 60.7 62.2
59.1 57.6 60.3 61.7
58.9 57.3 59.9 61.2
58.8 57.0 59.5 60.8
73.2 63.7 62.6 62.8
74.8 66.0 64.6 64.3
75.4 67.0 65.9 65.5
75.6 67.6 66.6 66.3
75.7 67.8 67.0 66.7
76.1 68.4 67.8 67.6
76.5 69.0 68.6 68.4
76.8 69.5 69.2 69.1
77.0 69.9 69.7 69.7
76.4 69.3 69.2 69.3
76.0 68.9 68.8 68.8
76.0 68.9 68.7 68.8
75.8 68.6 68.5 68.5
62.6 63.4 66.8 67.9
61.3 61.4 65.2 66.9
60.7 60.5 64.1 65.9
TIME TAIR
66.7 66.8 67.1 67.4 67.4 65.3 65.6 66.3 66.9 67.1
TW
65.1
64.4
63.8
63.2
62.6
62.1
61.6
61.2
63.0
64.3
65.4
66.2
66.6
67.5
68.3
69.0
69.7
69.3
68.8
68.8
68.5
68.1
67.3
66.4
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
HI
AA-34 DAY 3
half the pipe spacing = 6.0 inches
location of pipe = 8 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR
64.2
63.6
63.0
62.5
62.0
61.6
61.2
60.9
68.6
70.8
72.0
72.2
71.9
73.5
74.6
75.3
75.8
73.1
71.4
71.3
70.2
67.9
66.4
65.5
F1 F31 F61 F91 F121
66.3
65.7
65.2
64.6
64.1
63.5
63.0
62.5
63.3
63.9
64.5
65.1
65.6
66.3
67.0
67.6
68.3
68.5
68.7
69.0
69.1
68.6
68.1
67.6
66.5
65.9
65.3
64.7
64.2
63.6
63.1
62.6
63.2
63.7
64.3
64.9
65.4
66.1
66.8
67.5
68. 1
68.4
68.6
68.8
69.0
68.7
68.3
67.7
66.8
66.2
65.7
65.1
64.5
64.0
63.4
62.9
63.3
63.7
64.2
64.7
65.2
65.9
66.6
67.3
68.0
68.3
68.5
68.8
68.9
68.8
68.5
68.1
67.1
66.6
66.0
65.4
64.8
64.2
63.7
63.2
63.4
63.7
64.1
64.6
65.1
65.8
66.6
67.3
67.9
68.2
68.4
68.7
68.8
68.9
68.7
68.3
67.2
66.7
66.1
65.5
64.9
64.3
63.8
63.3
63.5
63.7
64.1
64.6
65.1
65.8
66.5
67.2
67.9
68.2
68.4
68.7
68.8
68.9
68.8
68.4
slab thickness 8.0 inches
power density = 3.0 watts/sq.ft.
pipe radius = .38 inches
daytime water temperature = 60.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
64.7
64.1
63.6
63.0
62.5
62.0
61.6
61.2
62.2
63.4
64.3
65.2
65.8
66.4
67.0
67.6
68.2
68.7
69.0
69.3
69.5
68.2
67.0
66.1
65.1
64.4
63.9
63.3
62.8
62.3
61.8
61.4
62.0
63. 1
64.0
64.8
65.5
66.1
66.7
67.3
67.9
68.5
68.8
69.1
69.2
68.4
67.3
66.4
65.8
65.2
64.6
64.0
63.5
62.9
62.4
62.0
62.0
62.8
63.6
64.4
65.1
65.8
66.4
67.1
67.7
68.3
68.6
68.9
69.0
68.7
68.0
67.2
66.5
65.8
65.2
64.6
64.0
63.5
63.0
62.5
62.3
62.7
63.4
64.2
64.9
65.6
66.2
66.9
67.6
68.2
68.6
68.8
69.0
68.9
68.5
67.9
66.7
66.1
65.5
64.8
64.3
63.7
63.2
62.7
62.4
62.7
63.3
64.1
64.8
65.5
66.2
66.9
67.6
68.1
68.5
68.8
68.9
69.0
68.6
68. 1
60.5
60.2
60.0
59.7
59.5
59.3
59.2
59.0
73.7
75.3
76.0
76.3
76.3
76.8
77.2
77.5
77.7
77.0
76.5
76.5
76.2
63.0
61.6
61.1
60.1
59.6
59.1
58.8
58.4
58. 1
57.7
57.5
64.4
66.8
68.0
68.5
68.7
69.4
70.1
70.6
71.0
70.3
69.7
69.7
69.3
64.0
62.1
61.1
63.6
62.9
62.3
61.8
61.3
60.9
60.5
60.1
63.5
65.7
67.0
67.8
68.1
69.0
69.9
70.5
71.1
70.5
69.9
69.8
69.4
67.6
66.0
64.9
65.4
64.7
64.0
63.4
62.9
62.4
61.9
61.5
63.8
65.5
66.7
67.5
68.0
68.9
69.8
70.6
71.2
70.6
70.0
69.9
69.5
68.9
67.8
66.8
65.9
65.2
64.5
63.9
63.3
62.8
62.3
61.9
64.0
65.4
66.7
67.5
67.9
68.9
69.8
70.6
71.2
70.7
70.1
70.0
69.6
69.1
68.3
67.4
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
'-a
AA-34
half the pipe spacing 6.0 inches
location of pipe = 8 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR F1 F31 F61 F91 F121
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
-40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
59.9
59.0
58.5
58.1
57.8
57.5
57.3
57.2
65.0
67.4
68.7
69.1
68.9
70.8
71.9
72.7
73.4
70.7
69.1
69.1
68.1
65.9
64.5
63.6
DAY 2
63.0
62.4
61.9
61.4
61.0
60.6
60.2
60.0
66.5
69.5
70.9
71.3
70.9
72.7
73.8
74.5
75. 1
72.4
70.7
70.6
69.5
67.3
65.8
64.9
59.9
59.7
59.4
59.1
58.8
58.5
58.2
58.0
59.0
59.7
60.5
61.2
61.9
62.8
63.6
64.4
65.2
65.6
65.9
66.3
66.5
66.2
65.8
65.3
64.8
64.3
63.8
63.3
62.8
62.3
61.9
61.4
62.0
62.6
63.3
63.9
64.5
65.2
65.9
66.6
67.3
67.6
67.9
68.1
68.3
67.9
67.4
66.9
59.9
59.7
59.4
59.1
58.8
58.5
58.3
58.0
58.8
59.5
60.2
61.0
61.7
62.5
63.4
64.2
65.0
65.4
65.7
66.1
66.4
66.2
65.9
65.4
64.9
64.4
63.9
63.4
62.9
62.4
61.9
61.5
61.9
62.5
63.1
63.7
64.2
65.0
65.7
66.5
67. 1
67.4
67.7
68.0
68.2
67.9
67.5
67.0
60.0
59.8
59.6
59.3
59.0
58.7
58.4
58.1
58.7
59.3
60.0
60.7
61.4
62.3
63.2
64.0
64.8
65.2
65.6
65.9
66.2
66.3
66.1
65.7
65.3
64.8
64.2
63.7
63.2
62.7
62.2
61.8
62.0
62.4
62.9
63.5
64.1
64.8
65.6
66.3
67.0
67.3
67.6
67.9
68.0
68.0
67.8
67.3
60.1
59.9
59.7
59.5
59.2
58.9
58.6
58.3
58.8
59.2
59.8
60.5
61.2
62.1
63.0
63.8
64.7
65.1
65.4
65.8
66.1
66.3
66.2
65.9
65.5
65.0
64.5
64.0
63.5
63.0
62.5
62.0
62.1
62.4
62.9
63.4
63.9
64.7
65.4
66.2
66.9
67.3
67.5
67.8
68.0
68.1
67.9
67.6
60.1
60.0
59.8
59.5
59.3
58.9
58.6
58.4
58.8
59.2
59.8
60.5
61.1
62.0
62.9
63.8
64.6
65.1
65.4
65.8
66.1
66.2
66.2
66.0
65.6
65.1
64.6
64.1
63.6
63.1
62.6
62. 1
62.2
62.4
62.8
63.4
63.9
64.6
65.4
66.2
66.9
67.2
67.5
67.8
68.0
68.1
68.0
67.7
slab thickness = 8.0 inches . pipe radius = .38 inches
power density = 3.0 watts/sq.ft.
daytime water temperature = 60.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
59.6
59. 1
58.6
58.3
58.0
57.7
57.4
57.1
58.3
59.7
60.8
61.8
62.6
63.3
64.1
64.8
65.5
66.1
66.6
66.9
67.2
66.1
64.9
64.1
63.4
62.9
62.4
61.9
61.4
61.0
60.6
60.2
60.8
62.1
63.2
64.1
64.8
65.5
66.1
66.7
67.3
67.9
68.3
68.5
68.8
67.6
66.4
65.5
59.7
59.2
58.7
58.4
58.1
57.8
57.5
57.2
58.0
59.2
60.3
61.3
62.2
62.9
63.7
64.4
65.2
65.8
66.3
66.6
66.9
66.2
65.2
64.4
63.7
63.1
62.6
62.1
61.7
61.2
60.8
60.4
60.7
61.8
62.8
63.7
64.4
65. 1
65.8
66.4
67.1
67.6
68.0
68.3
68.5
67.7
66.6
65.8
59.8
59.5
59.1
58.8
58.4
58.1
57.8
57.5
.57.8
58.7
59.7
60.7
61.6
62.4
63.2
64.0
64.7
65.4
65.9
66.3
66.5
66.3
65.7
65.0
64.4
63.8
63.3
62.7
62.2
61.8
61.3
60.9
60.8
61.5
62.4
63.2
64.0
64.7
65.4
66.1
66.8
67.4
67.8
68.1
68.3
68.0
67.3
66.5
60.0
59.7
59.4
59.1
58.8
58.4
58.1
57.8
57.8
58.4
59.3
60.3
61.2
62.0
62.8
63.7
64.5
65.2
65.7
66.1
66.3
66.4
66.1
65.6
65.0
64.4
63.8
63.3
62.8
62.3
61.8
61.3
61.1
61.4
62.1
62.9
63.7
64.4
65.2
65.9
66.6
67.2
67.7
67.9
68.1
68.1
67.7
67.1
60.0
59.8
59.6
59.2
58.9
58.6
58.2
57.9
57.9
58.4
59.2
60.1
61.0
61.9
62.7
63.6
64.4
65.1
65.6
66.0
66.3
66.4
66.2
65.8
65.2
64.6
64.0
63.5
63.0
62.5
62.0
61.5
61.2
61.4
62. 1
62.9
63.6
64.4
65.1
65.9
66.6
67.2
67.6
67.9
68.1
68.2
67.9
67.4
59.1
58.4
58.1
57.9
57.8
57.6
57.5
57.5
72.2
73.9
74.6
74.9
75.0
75.6
76.1
76.4
76.7
76.0
75.6
75.6
75.3
62.1
60.8
60.3
60.0
59.7
59.5
59.3
59.1
58.9
58.8
58.7
72.3
74.7
75.5
75.8
75.9
76.4
76.8
77. 1
77.4
76.7
76.2
76.2
75.9
62.7
61.4
60.8
57.4
56.3
55.8
55.5
55.3
55.0
54.8
54.7
61.8
64.3
65.5
66.2
66.5
67.3
68. 1
68.6
69.1
68.5
68.0
68.0
67.7
62.5
60.6
59.7
59.2
58.7
58.3
58.0
57.6
57.3
57.0
56.8
62.6
65.7
67.1
67.7
68.0
68.8
69.4
70.0
70.4
69.8
69.2
69.1
68.8
63.5
61.6
60.7
59.3
58.4
57.9
57.5
57.2
56.9
56.6
56.4
60.0
62.3
63.8
64.7
65.1
66.2
67.2
67.9
68.6
68. 1
67.6
67.6
67.3
65.6
64.1
63. 1
62.4
61.8
61.2
60.8
60.3
59.9
59.5
59.2
61.8
64.4
65.9
66.8
67.2
68.2
69.0
69.7
70.3
69.7
69.1
69.1
68.7
67.0
65.4
64.4
60.0
59.4
59.0
58.5
58.2
57.8
57.5
57.3
59.8
61.6
63.1
64.0
64.6
65.8
66.8
67.6
68.4
67.9
67.5
67.5
67.2
66.6
65.6
64.8
64.0
63.3
62.8
62.2
61.7
61.3
60.8
60.5
62.2
64.1
65.5
66.4
66.9
68.0
68.9
69.7
70.4
69.8
69.2
69.2
68.8
68.2
67.1
66.2
60.1
59.7
59.3
58.8
58.5
58.1
57.8
57.6
59.8
61.5
62.9
63.8
64.4
65.6
66.7
67.6
68.4
67.9
67.4
67.4
67.1
66.8
66.0
65.2
64.5
63.8
63.2
62.7
62.2
61.7
61.2
60.8
62.4
64.0
65.4
66.3
66.8
67.9
68.8
69.6
70.3
69.8
69.3
69.2
68.8
68.4
67.6
66.7
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
00oo
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
AA-35
half the pipe spacing = 6.0 inches
location of pipe = 8 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness = 8.0 inches . pipe radius = .38 inches
power density = 3.5 watts/sq.ft.
daytime water temperature = 60.0 (F)
F1 F31 F61 F91 F121
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
60.0
59.1
58.6
58.3
57.9
57.7
57.4
57.3
66. 1
68.7
70.2
70.5
70.2
72.3
73.6
74.4
75.1
72.0
70.1
70.0
68.8
66.6
65.1
64.2
DAY 2
63.6
63.0
62.5
62.0
61.5
61.1
60.7
60.5
67.9
71.1
72.6
73.0
72.5
74.5
75.7
76.4
77.1
73.9
71.9
71.7
70.4
68.2
66.6
65.7
59.9
59.7
59.4
59. 1
58.9
58.6
58.3
58.0
59. 1
59.9
60.8
61.6
62.3
63.3
64.2
65.0
65.9
66.3
66.6
67.0
67.2
66.8
66.4
65.9
65.4
64.9
64.4
63.8
63.3
62.8
62.4
61.9
62.6
63.3
63.9
64.6
65.2
66.0
66.8
67.5
68.3
68.6
68.8
69.1
69.2
68.7
68.3
67.7
59.9
59.7
59.5
59.2
58.9
58.6
58.3
58.0
58.9
59.7
60.5
61.3
62.1
63.0
63.9
64.8
65.7
66.1
66.4
66.8
67.0
66.8
66.5
66. 1
65.6
65.0
64.5
64.0
63.4
62.9
62.5
62.0
62.5
63.1
63.8
64.4
65.0
65.8
66.6
67.4
68. 1
68.4
68.6
68.9
69. 1
68.8
68.4
67.9
60.0
59.9
59.6
59.4
59.1
58.8
58.5
58.2
58.9
59.5
60.3
61.1
61.8
62.8
63.7
64.6
65.5
65.9
66.3
66.7
66.9
66.9
66.7
66.4
65.9
65.4
64.8
64.3
63.8
63.2
62.8
62.3
62.6
63.0
63.6
64.3
64.8
65.7
66.5
67.2
68.0
68.3
68.5
68.8
69.0
68.9
68.6
68.2
M5 M35 M65 M95 M125
60.1
60.0
59.8
59.5
59.2
58.9
58.6
58.3
58.9
59.5
60.2
60.9
61.6
62.6
63.6
64.5
65.4
65.8
66.2
66.6
66.8
66.9
66.9
66.6
66.2
65.7
65. 1
64.6
64.0
63.5
63.0
62.5
62.7
63.1
63.6
64.2
64.7
65.5
66.4
67.2
67.9
68.3
68.5
68.8
68.9
69.0
68.8
68.5
60.1
60.0
59.8
59.6
59.3
59.0
58.7
58.4
59.0
59.5
60.1
60.8
61.6
62.5
63.5
64.4
65.3
65.8
66.1
66.5
66.8
66.9
66.9
66.7
66.3
65.8
65.2
64.7
64. 1
63.6
63. 1
62.6
62.8
63.1
63.6
64.1
64.7
65.5
66.3
67.1
67.9
68.3
68.5
68.8
68.9
69.0
68.9
68.6
59.6
59.1
58.6
58.3
58.0
57.7
57.4
57.2
58.4
59.8
61.0
62.0
62.9
63.7
64.5
65.3
66.0
66.7
67.2
67.5
67.8
66.6
65.5
64.6
63.9
63.4
62.8
62.4
61.9
61.4
61.0
60.6
61.2
62.6
63.7
64.6
65.4
66.1
66.8
67.5
68.1
68.7
69. 1
69.4
69.5
68.3
67. 1
66.2
59.7
59.2
58.8
58.4
58.1
57.8
57.5
57.2
58.1
59.4
60.5
61.6
62.5
63.3
64.1
64.9
65.7
66.4
66.9
67.2
67.5
66.8
65.7
64.9
64.3
63.7
63.1
62.6
62.1
61.7
61.2
60.8
61.1
62.2
63.3
64.3
65.1
65.8
66.5
67.2
67.9
68.5
68.9
69.1
69.3
68.5
67.4
66.5
59.8
59.5
59.1
58.8
58.4
58.1
57.8
57.6
57.9
58.8
59.9
61.0
61.9
62.8
63.6
64.5
65.3
66.1
66.6
66.9
67.2
67.0
66.3
65.6
65.0
64.4
63.8
63.3
62.8
62.3
61.8
61.4
61.3
62.0
62.9
63.8
64.7
65.4
66.2
66.9
67.7
68.3
68.7
69.0
69. 1
68.8
68.1
67.3
C9 C39 C69 C99 C129
60.0
59.8
59.4
59.1
58.8
58.5
58.2
57.9
57.9
58.6
59.5
60.6
61.5
62.4
63.3
64.2
65.1
65.9
66.4
66.8
67.0
67.1
66.7
66.2
65.6
65.0
64.4
63.8
63.3
62.8
62.3
61.8
61.6
61.9
62.7
63.6
64.4
65.2
66.0
66.8
67.5
68.2
68.6
68.9
69.1
69.0
68.6
68.0
60.0
59.8
59.6
59.2
58.9
58.6
58.3
58.0
57.9
58.5
59.4
60.4
61.4
62.3
63.2
64.2
65.1
65.8
66.4
66.7
67.0
67. 1
66.9
66.4
65.8
65.2
64.6
64.1
63.5
63.0
62.5
62.0
61.7
62.0
62.7
63.5
64.4
65.1
65.9
66.7
67.5
68.2
68.6
68.9
69.1
69.1
68.8
68.2
59.1
58.4
58.1
57.9
57.8
57.7
57.6
57.5
72.5
74.3
75.1
75.4
75.4
76.1
76.6
77.0
77.3
76.5
75.9
75.9
75.6
62.4
61.1
60.5
60.2
59.9
59.7
59.5
59.3
59.1
59.0
58.9
72.7
75.2
76. 1
76.4
76.4
77.0
77.5
77.8
78.1
77.3
76.7
76.6
76.3
63.1
61.7
61.1
57.4
56.3
55.9
55.6
55.3
55.1
54.9
54.8
62.2
64.8
66. 1
66.8
67.1
68.1
68.8
69.5
70.0
69.3
68.6
68.6
68.2
63.0
61.1
60.2
59.6
59.1
58.7
58.3
58.0
57.7
57.4
57.1
63.2
66.5
67.9
68.6
68.8
69.7
70.4
71.0
71.5
70.7
70.0
69.9
69.5
64. 1
62.2
61.2
59.3
58.5
57.9
57.5
57.2
56.9
56.7
56.5
60.4
62.9
64.5
65.4
65.9
67.1
68.1
68.9
69.7
69.0
68.4
68.3
67.9
66.2
64.7
63.6
62.9
62.3
61.7
61.3
60.8
60.4
60.0
59.7
62.5
65.3
66.9
67.8
68.2
69.3
70.2
71.0
71.6
70.9
70.2
70.0
69.6
67.8
66.2
65.1
TIME TAIR TW
60.0
59.5
59.0
58.6
58.2
57.9
57.6
57.4
60.3
62.3
63.8
64.9
65.4
66.7
67.8
68.7
69.6
69.0
68.4
68.3
67.9
67.3
66.3
65.4
64.6
63.9
63.3
62.8
62.3
61.8
61.3
61.0
63.0
65.0
66.6
67.6
68.0
69.2
70.2
71.0
71.8
71.1
70.4
70.2
69.8
69.1
68.0
67.0
60.2
59.8
59.3
58.9
58.5
58.2
57.9
57.7
60.3
62.1
63.6
64.7
65.3
66.6
67.7
68.7
69.6
69.0
68.4
68.3
67.9
67.5
66.7
65.9
65.1
64.4
63.8
63.2
62.7
62.2
61.8
61.4
63.3
65.0
66.5
67.5
67.9
69.1
70.2
71.0
71.8
71.1
70.4
70.3
69.8
69.3
68.5
67.5
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
-4
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
AA-35 DAY 3
half the pipe spacing = 6.0 inches
location of pipe = 8 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR
64.9
64.3
63.7
63.2
62.7
62.2
61.8
61.5
70.2
72.6
73.8
74.0
73.6
75.4
76.6
77.3
77.9
74.7
72.7
72.5
71.2
68.9
67.3
66.3
F1 F31 F61 F91 F121
67.1
66.5
65.9
65.3
64.8
64.2
63.7
63.2
64.1
64.7
65.3
65.9
66.5
67.2
67.9
68.6
69.3
69.6
69.7
70.0
70.1
69.6
69.1
68.5
67.3
66.7
66.1
65.5
64.9
64.3
63.8
63.3
63.9
64.5
65.1
65.7
66.3
67.0
67.8
68.5
69.2
69.4
69.6
69.9
70.0
69.7
69.2
68.6
67.6
67. 1
66.4
65.8
65.2
64.7
64.1
63.6
64.0
64.5
65.0
65.6
66.1
66.9
67.7
68.4
69.1
69.4
69.6
69.8
69.9
69.8
69.5
69.0
68.0
67.4
66.8
66.2
65.5
65.0
64.4
63.9
64.2
64.5
65.0
65.5
66.1
66.8
67.6
68.3
69.1
69.4
69.5
69.8
69.9
69.9
69.7
69.3
68.1
67.5
66.9
66.3
65.7
65.1
64.5
64.0
64.3
64.5
65.0
65.5
66.0
66.8
67.6
68.3
69.1
69.3
69.5
69.8
69.9
69.9
69.8
69.4
slab thickness = 8.0 inches
power density = 3.5 watts/sq.ft.
pipe radius =
daytime water temperature = 60.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
65.4
64.8
64.2
63.7
63.1
62.6
62.2
61.7
62.7
64.0
65.0
65.8
66.5
67.2
67.8
68.4
69.0
69.6
69.9
70.2
70.3
69.1
67.8
66.9
65.8
65.1
64.5
64.0
63.4
62.9
62.4
61.9
62.6
63.7
64.7
65.5
66.2
66.9
67.6
68.2
68.8
69.4
69.8
70.0
70.1
69.3
68.2
67.3
66.6
65.9
65.3
64.7
64.1
63.6
63. 1
62.6
62.6
63.4
64.3
65.2
65.9
66.6
67.3
68.0
68.7
69.3
69.6
69.9
70.0
69.7
68.9
68.1
67.3
66.6
66.0
65.4
64.8
64.2
63.6
63.1
62.9
63.4
64. 1
65.0
65.7
66.4
67.2
67.9
68.6
69.2
69.6
69.8
70.0
69.9
69.4
68.8
67.6
66.9
66.2
65.6
65.0
64.4
63.8
63.3
63.0
63.4
64. 1
64.9
65.7
66.4
67.1
67.9
68.6
69.2
69.6
69.8
70.0
70.0
69.6
69.0
60.8
60.5
60.2
60.0
59.8
59.6
59.4
59.3
74.2
75.9
76.6
76.9
76.9
77.4
77.9
78.2
78.5
77.6
77.0
76.9
76.6
63.4
62.0
61.4
60.6
60.1
59.6
59.2
58.9
58.5
58.2
57.9
65.2
67.7
68.9
69.4
69.6
70.4
71.1
71.7
72.1
71.3
70.6
70.4
70.0
64.7
62.7
61.7
64.3
63.6
63.0
62.5
62.0
61.5
61.0
60.7
64.4
66.8
68.2
69.0
69.3
70.2
71.2
71.9
72.5
71.7
71.0
70.8
70.3
68.5
66.8
65.7
38 inches
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
TW
66.2
65.4
64.7
64.1
63.6
63.0
62.5
62.1
64.8
66.6
68.0
68.8
69.2
70.2
71.2
72.0
72.8
72.0
71.3
71.1
70.6
69.8
68.7
67.7
66.7
66.0
65.3
64.6
64. 1
63.5
63.0
62.5
65.0
66.6
67.9
68.8
69.2
70.2
71.3
72.1
72.8
72.1
71.4
71.2
70.7
70.1
69.2
68.3
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
43.0
43.0
43.0
H
C
AA-36
half the pipe spacing = 12.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperatdre = 43.0 (F)
TIME TAIR F1 F31 F61 F91 F121
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
60.7
60.8
61.0
61.2
61.3
61.4
61.6
61.8
67.0
68.6
69.8
70.4
70.5
72.3
73.6
74.6
75.4
73.5
72.4
72.6
71.9
72.0
71.8
71.5
DAY 2
71.3
71.2
71.0
70.9
70.7
70.6
70.5
70.5
74.9
76.6
77.7
78. 1
78.0
79.7
80.8
81.6
82.3
80.2
79.0
79.0
78.2
78.1
77.8
77.4
60.8
61.4
61.8
62.1
62.4
62.5
62.7
62.8
64.6
66.6
68.2
69.5
70.5
71.5
72.4
73.3
74.0
74.4
74.7
75.1
75.3
74.5
73.2
72.3
71.6
71.0
70.6
70.3
70.0
69.8
69.7
69.5
70.6
72.4
73.9
75.0
75.9
76.8
77.6
78.3
78.9
79.2
79.5
79.7
79.8
78.9
77.5
76.5
60.2
60.5
60.8
61.0
61.2
61.4
61.5
61.7
62.7
64.0
65.4
66.5
67.5
68.6
69.5
70.4
71.3
71.8
72.2
72.6
72.9
72.8
72.3
71.7
71.1
70.7
70.4
70.1
69.9
69.7
69.5
69.4
69.9
70.9
72.1
73.1
73.9
74.8
75.6
76.4
77.1
77.4
77.7
78.0
78.2
78.0
77.3
76.6
60.1
60.2
60.3
60.4
60.5
60.7
60.8
60.9
61.6
62.3
63.2
64.0
64.8
65.8
66.7
67.6
68.5
69.0
69.5
70.0
70.4
70.7
70.9
70.9
70.8
70.6
70.5
70.4
70.2
70.1
70.0
69.9
70.3
70.7
71.3
72.0
72.6
73.3
74.1
74.8
75.5
75.9
76.2
76.6
76.8
77.0
77.0
76.9
60.1
60.1
60.2
60.2
60.3
60.4
60.5
60.6
61.3
61.8
62.4
63.0
63.6
64.4
65.3
66.1
66.9
67.5
68.0
68.5
68.9
69.3
69.7
70.0
70.1
70.3
70.3
70.4
70.4
70.4
70.3
70.3
70.7
71.0
71.4
71.8
72.2
72.9
73.5
74. 1
74.8
75.2
75.5
75.9
76.1
76.4
76.5
76.7
60.1
60.1
60.2
60.2
60.3
60.4
60.4
60.6
61.2
61.7
62.2
62.8
63.3
64.1
64.8
65.6
66.5
67.0
67.5
68.0
68. 4
68.9
69.3
69.6
69.9
70. 1
70.2
70.3
70.4
70.4
70.4
70.4
70.8
71.2
71.5
71.9
72.2
72.8
73.3
74.0
74.6
74.9
75.3
75.6
75.9
76.1
76.4
76.5
slab thickness = 8.0 inches .
power density 2.5 watts/sq.ft.
pipe radius = .50 inches
daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
59.7
59.9
60. 1
60.3
60.5
60.7
60.8
60.9
62.3
63.8
65.2
66.3
67.3
68.2
69.1
69.9
70.7
71.4
71.9
72.2
72.6
71.7
70.8
70.2
69.7
69.3
69.0
68.7
68.5
68.3
68.2
68.1
68.8
70.1
71.3
72.4
73.2
74.0
74.7
75.4
76.1
76.6
77.0
77.3
77.4
76.5
75.5
74.7
60.0
60.1
60.2
60.3
60.4
60.6
60.7
60.8
61.1
61.8
62.7
63.7
64.6
65.5
66.4
67.3
68.2
69.0
69.6
70.1
70.5
70.8
70.8
70.7
70.6
70.5
70.3
70.2
70.1
70.0
69.9
69.8
69.8
70.2
70.8
71.6
72.3
73.0
73.7
74.4
75.2
75.8
76.3
76.6
76.9
77.0
76.9
76.7
60.0
60.1
60.1
60.2
60.3
60.4
60.5
60.6
60.8
61.3
61.9
62.6
63.4
64.1
64.9
65.7
66.6
67.4
68.0
68.6
69.0
69.4
69.7
70.0
70.1
70.3
70.3
70.4
70.4
70.3
70.3
70.3
70.3
70.5
70.9
71.5
72.0
72.5
73.1
73.8
74.5
75.1
75.6
75.9
76.2
76.4
76.6
76.7
60.0
60.1
60.1
60.2
60.2
60.3
60.4
60.5
60.7
61.2
61.7
62.4
63.0
63.7
64.5
65.3
66.1
66.9
67.5
68.1
68.5
68.9
69.3
69.6
69.9
70.1
70.2
70.3
70.4
70.4
70.4
70.4
70.4
70.7
71.0
71.5
72.0
72.5
73.0
73.6
74.3
74.9
75.3
75.7
76.0
76.2
76.4
76.6
C9 C39 C69 C99 C129
61.0
61.6
61.9
62.2
62.4
62.6
62.8
62.9
66.0
68.4
70.2
71.5
72.3
73.5
74.6
75.5
76.3
76.0
75.7
75.8
75.6
74.6
73.3
72.4
71.7
71.2
70.8
70.5
70.3
70.1
69.9
69.8
72.0
74.3
76.1
77.3
77.9
79.0
80.0
80.7
81.4
81.1
80.7
80.6
80.3
79.2
77.8
76.8
60.4
60.7
60.9
61.2
61.4
61.5
61.7
61.9
64.2
66.0
67.6
68.8
69.6
70.8
71.9
72.9
73.8
73.6
73.4
73.5
73.4
73. 1
72.5
71.9
71.4
70.9
70.6
70.3
70.1
69.9
69.8
69.7
71.3
72.9
74.4
75.4
76.1
77.2
78.1
79.0
79.7
79.4
79.0
79.0
78.8
78.4
77.7
76.9
60.3
60.4
60.5
60.6
60.8
60.9
61.0
61.2
63.2
64.5
65.6
66.5
67.2
68.3
69.4
70.4
71.3
71.2
71.0
71.2
71.2
71.3
71.3
71.2
71.1
70.9
70.8
70.6
70.5
70.4
70.2
70.2
71.6
72.7
73.7
74.4
74.9
75.9
76.8
77.6
78.3
78.1
77.8
77.8
77.6
77.6
77.5
77.2
60.3
60.3
60.4
60.5
60.6
60.7
60.8
61.0
62.9
64.0
64.9
65.6
66. 1
67.2
68.2
69.1
70.0
69.9
69.7
69.9
69.9
70. 1
70.3
70.5
70.6
70.6
70.6
70.6
70.6
70.6
70.5
70.5
72.0
73.0
73.8
74.3
74.6
75.4
76.3
77.0
77.7
77.4
77.1
77.2
77.0
77.0
77.1
77.1
60.3
60.3
60.4
60.5
60.6
60.7
60.7
60.9
62.8
63.9
64.8
65.4
65.8
66.8
67.8
68.7
69.6
69.4
69.3
69.5
69.5
69.7
69.9
70.2
70.3
70.5
70.5
70.6
70.6
70.6
70.6
70.6
72.1
73.1
73.8
74.3
74.5
75.4
76.1
76.8
77.5
77.2
76.9
77.0
76.8
76.8
76.9
77.0
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
00
AA-36 DAY 3
half the pipe spacing = 12.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness = 8.0 inches pipe radius = .50 inches 1.13843
power density = 2.5 watts/sq.ft. surface heat transfer coefficient = *
daytime water temperature = 55.0 (F) e-0 2
F1 F31 F61 F91 F121 M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
77.1
76.8
76.5
76.2
76.0
75.7
75.5
75.4
80.3
81.5
82.5
82.8
82.6
84.0
85. 1
85.8
86.4
84.3
82.9
82.8
82.0
81.8
81.3
75.7
75.0
74.5
74.1
73.8
73.5
73.2
73.0
74.5
76.1
77.5
78.5
79.3
80.0
80.7
81.4
81.9
82.2
82.3
82.5
82.5
81.5
80.1
76.0
75.4
75.0
74.6
74.3
74.0
73.7
73.5
74.2
75.2
76.2
77.1
77.8
78.6
79.3
79.9
80.6
80.8
81.0
81.2
81.3
81.1
80.3
76.6
76.4
76.1
75.8
75.6
75.3
75.1
74.9
75.3
75.7
76.2
76.7
77.2
77.9
78.5
79.1
79.7
80.0
80.3
80.5
80.7
80.8
80.7
76.7
76.7
76.6
76.5
76.4
76.2
76.0
75.9
76.2
76.5
76.8
77.1
77.4
77.9
78.4
78.9
79.5
79.8
80.0
80.2
80.4
80.6
80.7
76.6
76.7
76.7
76.7
76.6
76.5
76.3
76.2
76.6
76.8
77.0
77.3
77.5
77.9
78.4
78.9
79.4
79.7
79.9
80.2
80.3
80.5
80.6
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
74.1
73.7
73.2
72.9
72.6
72.3
72. 1
71.9
72.9
74.1
75.2
76.1
76.8
77.5
78.1
78.7
79.3
79.8
80.1
80.3
80.4
79.3
78.3
76.5
76.2
75.9
75.7
75.4
75.2
74.9
74.7
74.7
75.1
75.7
76.3
76.9
77.5
78.1
78.7
79.4
79.9
80.3
80.5
80.7
80.7
80.6
76.7
76.7
76.6
76.5
76.3
76.2
76.0
75.8
75.8
76.0
76.3
76.7
77.1
77.6
78.1
78.6
79.2
79.7
80.1
80.3
80.5
80.6
80.7
76.7
76.7
76.7
76.7
76.6
76.5
76.3
76.2
76.1
76.3
76.6
76.9
77.3
77.6
78.1
78.6
79.1
79.6
80.0
80.3
80.4
80.6
80.7
72.0 80.9 79.0 79.5 80.4 80.7 80.7 43.0 77.5 80.3 80.7 80.7
76.0
75.4
74.9
74.5
74.2
73.9
73.7
73.5
76.2
78.3
79.9
80.9
81.4
82.4
83.2
83.9
84.5
84. 1
83.6
83.5
83.1
81.9
80.5
76.3
75.8
75.3
74.9
74.6
74.3
74.1
73.9
75.8
77.3
78.6
79.5
80.1
81.0
81.9
82-6
83.3
82.9
82.4
82.3
82.0
81.6
80.8
76.9
76.6
76.3
76.1
75.8
75.6
75.3
75.1
76.8
77.7
78.6
79.2
79.5
80.4
81.2
81.9
82.6
82.2
81.8
81.7
81.5
81.3
81.1
77.0
76.9
76.8
76.7
76.5
76.3
76.2
76.0
77.7
78.5
79.1
79.5
79.6
80.3
81.1
81.7
82.3
81.9
81.5
81.5
81.2
81.2
81.1
77.0
77.0
76.9
76.8
76.7
76.6
76.4
76.3
77.9
78.7
79.3
79.6
79.8
80.4
81.1
81.7
82.3
81.9
81.5
81.4
81.2
81.1
81.1
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
79.4 79.9 80.8 81.0 81.0 43.0
TIME TAIR TW
00
AA-37
half the pipe spacing = 12.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
-40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
F1 F31 F61 F91 F121
60.7
60.8
61.0
61.1
61.3
61.4
61.5
61.8
66.5
68.1
69.3
70.0
70.2
71.9
73.1
74.1
75.0
73.3
72.3
72.5
71.9
71.9
71.8
71.5
DAY 2
71.3
71.1
71.0
70.8
70.7
70.6
70.5
70.5
74.5
76.1
77.2
77.7
77.7
79.3
80.3
81.1
81.8
80.0
78.9
78.9
78.2
78.1
77.7
77.4
60.8
61.4
61.8
62.1
62.3
62.5
62.7
62.8
64.6
66.5
68.1
69.4
70.4
71.4
72.3
73.2
73.9
74.4
74.7
75. 1
75.3
74.5
73.2
72.3
71.5
71.0
70.6
70.3
70.0
69.8
69.7
69.5
70.5
72.3
73.8
75.0
75.8
76.7
77.5
78.2
78.9
79.2
79.4
79.7
79.8
78.8
77.5
76.4
60.2
60.5
60.7
61.0
61.2
61.4
61.5
61.7
62.7
64.0
65.3
66.5
67.5
68.5
69.5
70.3
71.2
71.7
72.1
72.5
72.9
72.8
72.3
71.7
71.1
70.7
70.4
70.1
69.9
69.7
69.5
69.4
69.8
70.9
72.0
73.0
73.8
74.7
75.5
76.3
77.0
77.3
77.6
77.9
78.1
78.0
77.3
76.6
60. 1
60.2
60.3
60.4
60.5
60.6
60.8
60.9
61.6
62.3
63.1
63.9
64.7
65.7
66.6
67.5
68.4
69.0
69.5
70.0
70.4
70.7
70.9
70.8
70.8
70.6
70.5
70.4
70.2
70.1
70.0
69.9
70.2
70.7
71.2
71.9
72.5
73.3
74.0
74.7
75.4
75.8
76.2
76.5
76.8
77.0
77.0
76.8
60.1
60.1
60.2
60.2
60.3
60.4
60.5
60.6
61.2
61.7
62.3
62.9
63.5
64.3
65.2
66.0
66.8
67.4
67.9
68.5
68.9
69.3
69.7
69.9
70.1
70.3
70.3
70.4
70.4
70.4
70.3
70.3
70.6
71.0
71.3
71.8
72.2
72.8
73.4
74.0
74.7
75.1
75.4
75.8
76.1
76.3
76.5
76.7
slab thickness = 8.0 inches . pipe radius = .50 inches
power density = 2.5 watts/sq.ft.
daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
60.1
60.1
60.2
60.2
60.3
60.4
60.4
60.5
61.1
61.6
62.1
62.7
63.2
64.0
64.7
65.5
66.3
66.9
67.4
68.0
68.4
68.8
69.2
69.6
69.9
70.1
70.2
70.3
70.4
70.4
70.4
70.4
70.8
71.1
71.4
71.8
72.1
72.7
73.3
73.9
74.5
74.9
75.2
75.6
75.8
76.1
76.3
76.5
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
59.7
59.9
60. 1
60.3
60.5
60.7
60.8
60.9
62.3
63.8
65.2
66.3
67.3
68.2
69.1
69.9
70.7
71.4
71.9
72.2
72.5
71.7
70.8
70.2
69.7
69.3
69.0
68.7
68.5
68.3
68.2
68.1
68.8
70.1
71.3
72.4
73.2
74.0
74.7
75.4
76.1
76.6
77.0
77.3
77.4
76.5
75.5
74.7
60.0
60.1
60.2
60.3
60.4
60.6
60.7
60.8
61.1
61.8
62.7
63.7
64.6
65.5
66.4
67.3
68.2
69.0
69.6
70.1
70.5
70.8
70.8
70.7
70.6
70.5
70.3
70.2
70. 1
70.0
69.9
69.8
69.8
70.2
70.8
71.6
72.3
73.0
73.7
74.5
75.2
75.8
76.3
76.6
76.9
77.0
76.9
76.7
60.0
60.1
60.1
60.2
60.3
60.4
60.5
60.6
60.8
61.3
61.9
62.6
63.4
64.1
64.9
65.8
66.6
67.4
68.1
68.6
69.0
69.4
69.7
70.0
70.2
70.3
70.3
70.4
70.4
70.3
70.3
70.3
70.3
70.5
70.9
71.5
72.0
72.5
73.2
73.8
74.5
75.1
75.6
75.9
76.2
76.4
76.6
76.7
60.0
60. 1
60.1
60.2
60.3
60.3
60.4
60.5
60.7
61.2
61.8
62.4
63.0
63.7
64.5
65.3
66.1
66.9
67.6
68. 1
68.5
68.9
69.3
69.6
69.9
70.1
70.2
70.3
70.4
70.4
70.4
70.4
70.4
70.7
71.0
71.5
72.0
72.5
73.0
73.6
74.3
74.9
75.4
75.7
76.0
76.2
76.4
76.6
61.0
61.6
61.9
62.2
62.4
62.6
62.8
62.9
66.0
68.5
70.3
71.5
72.3
73.6
74.6
75.6
76.4
76.1
75.7
75.8
75.6
74.6
73.3
72.4
71.7
71.2
70.8
70.5
70.3
70.1
70.0
69.9
72.0
74.4
76.2
77.3
78.0
79.1
80.0
80.8
81.5
81.1
80.7
80.6
80.3
79.2
77.8
76.8
60.4
60.7
60.9
61.2
61.4
61.5
61.7
61.9
64.2
66. 1
67.7
68.8
69.6
70.9
72.0
73.0
73.9
73.6
73.4
73.5
73.4
73.1
72.5
71.9
71.4
71.0
70.6
70.4
70.1
70.0
69.8
69.7
71.3
73.0
74.5
75.5
76.2
77.3
78.2
79. 1
79.8
79.4
79.1
79.1
78.8
78.4
77.7
76.9
60.3
60.4
60.5
60.6
60.8
60.9
61.0
61.2
63.3
64.6
65.7
66.6
67.2
68.4
69.5
70.5
71.4
71.3
71.1
71.3
71.2
71.3
71.3
71.2
71.1
70.9
70.8
70.6
70.5
70.4
70.2
70.2
71.7
72.8
73.8
74.5
75.0
76.0
76.9
77.7
78.5
78. 1
77.8
77.8
77.6
77.6
77.5
77.2
60.3
60.4
60.4
60.5
60.6
60.7
60.8
61.0
63.0
64.1
65.0
65.7
66.2
67.3
68.3
69.2
70.1
69.9
69.8
70.0
70.0
70.2
70.4
70.5
70.6
70.6
70.7
70.7
70.6
70.6
70.5
70.5
72.0
73.1
73.9
74.4
74.7
75.6
76.4
77.1
77.8
77.5
77.2
77.2
77.0
77.1
77.1
77.1
TW
60.3
60.3
60.4
60.5
60.6
60.7
60.8
60.9
62.9
64.0
64.9
65.5
65.9
67.0
67.9
68.8
69.7
69.5
69.4
69.6
69.6
69.8
70.0
70.2
70.4
70.5
70.6
70.6
70.6
70.6
70.6
70.6
72.2
73.2
73.9
74.4
74.6
75.5
76.2
77.0
77.7
77.3
77.0
77.0
76.8
76.9
76.9
77.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
00
AA-37 DAY 3
half the pipe spacing = 12.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR F1 F31 F61 F91 F121
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
77.0
76.7
76.4
76.2
75.9
75.7
75.5
75.3
79.8
81.0
82.0
82.3
82.2
83.6
84.6
85.3
86.0
84.1
82.8
82.7
81.9
81.7
81.3
80.9
75.6
75.0
74.5
74.1
73.8
73.5
73.2
73.0
74.4
76.1
77.4
78.4
79.2
79.9
80.7
81.3
81.8
82. 1
82.2
82.4
82.5
81.5
80.1
79.0
76.0
75.4
75.0
74.6
74.2
74.0
73.7
73.5
74.1
75.1
76. 1
77.0
77.7
78.5
79.2
79.9
80.5
80.8
81.0
81.2
81.3
81.1
80.3
79.5
76.6
76.3
76.1
75.8
75.6
75.3
75.1
74.9
75.2
75.6
76.1
76.6
77.1
77.8
78.4
79.0
79.6
80.0
80.2
80.5
80.6
80.7
80.7
80.4
76.7
76.7
76.6
76.5
76.4
76.2
76.0
75.9
76.2
76.4
76.7
77.0
77.3
77.8
78.3
78.8
79.4
79.7
79.9
80.2
80.4
80.5
80.6
80.7
76.6
76.7
76.7
76.7
76.6
76.5
76.3
76.2
76.5
76.7
76.9
77.2
77.4
77.8
78.3
78.8
79.3
79.6
79.9
80. 1
80.3
80.5
80.6
80.7
slab thickness 8.0 inches pip
power density = 2.5 watts/sq.ft.
daytime water temperature = 55.0 (F)
e radius = .50 inches
surface heat transfer coefficient =
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
74.1
73.7
73.2
72.9
72.6
72.3
72. 1
71.9
72.9
74.1
75.2
76.1
76.8
77.5
78.1
78.7
79.3
79.8
80.1
80.3
80.4
79.3
78.3
77.5
76.5
76.2
75.9
75.7
75.4
75.2
74.9
74.7
74.7
75.1
75.7
76.3
76.9
77.5
78. 1
78.7
79.4
79.9
80.3
80.5
80.7
80.7
80.6
80.3
76.7
76.7
76.6
76.5
76.3
76.2
76.0
75.8
75.8
76.0
76.3
76.7
77.1
77.6
78.1
78.6
79.2
79.7
80.1
80.3
80.5
80.6
80.7
80.7
76.7
76.7
76.7
76.7
76.6
76.5
76.3
76.2
76.1
76.3
76.6
76.9
77.3
77.6
78.1
78.6
79.1
79.6
80.0
80.3
80.4
80.6
80.7
80.7
76.0
75.4
74.9
74.6
74.2
73.9
73.7
73.5
76.3
78.4
80.0
80.9
81.5
82.4
83.3
84.0
84.6
84.2
83.6
83.5
83.2
82.0
80.5
79.4
76.3
75.8
75.3
75.0
74.6
74.4
74. 1
73.9
75.9
77.4
78.7
79.6
80. 1
81.1
82.0
82.7
83.4
82.9
82.5
82.4
82.0
81.6
80.8
80.0
76.9
76.6
76.4
76.1
75.8
75.6
75.3
75.2
76.9
77.8
78.7
79.3
79.6
80.5
81.3
82.0
82.7
82.3
81.8
81.8
81.5
81.4
81.1
80.8
77.0
76.9
76.8
76.7
76.5
76.3
76.2
76.0
77.7
78.5
79.2
79.6
79.7
80.4
81.2
81.8
82.5
82.0
81.6
81.5
81.3
81.2
81.1
81.0
77.0
77.0
76.9
76.8
76.7
76.6
76.4
76.3
78.0
78.8
79.4
79.7
79.8
80.5
81.2
81.8
82.4
82.0
81.5
81.5
81.2
81.1
81.1
81.0
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
1,.3749
e-02
00
AA-38
half the pipe spacing = 12.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR F1 F31 F61 F91 F121
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
60.6
60.8
60.9
61.1
61.2
61.4
61.5
61.7
66.3
67.8
69.1
69.8
70.0
71.7
72.9
73.9
74.8
73.2
72.3
72.4
71.9
71.9
71.7
71.5
DAY 2
71.3
71.1
71.0
70.8
70.7
70.6
70.5
70.5
74.3
75.8
77.0
77.5
77.5
79. 1
80.1
80.9
81.6
79.9
78.9
78.9
78.2
78. 1
77.7
77.3
60.8
61.4
61.8
62.1
62.3
62.5
62.7
62.8
64.6
66.5
68.1
69.4
70.4
71.4
72.3
73.1
73.9
74.3
74.7
75.1
75.3
74.4
73.2
72.2
71.5
71.0
70.6
70.3
70.0
69.8
69.6
69.5
70.5
72.3
73.8
74.9
75.8
76.7
77.5
78.2
78.8
79.1
79.4
79.7
79.8
78.8
77.5
76.4
60.2
60.5
60.7
61.0
61.2
61.4
61.5
61.7
62.6
63.9
65.3
66.4
67.4
68.5
69.4
70.3
71.1
71.7
72.1
72.5
72.9
72.8
72.3
71.7
71.1
70.7
70.4
70.1
69.9
69.7
69.5
69.4
69.8
70.8
71.9
73.0
13.8
74.7
75.5
76.2
76.9
77.3
77.6
77.9
78. 1
78.0
77.3
76.6
60.1
60. 1
60.3
60.4
60.5
60.6
60.8
60.9
61.6
62.2
63.0
63.9
64.7
65.6
66.6
67.5
68.3
68.9
69.4
70.0
70.4
70.7
70.9
70.8
70.7
70.6
70.5
70.3
70.2
70.1
70.0
69.9
70.2
70.6
71.2
71.8
72.5
73.2
74.0
74.7
75.4
75.8
76.2
76.5
76.8
77.0
77.0
76.8
60. 1
60.1
60.2
60.2
60.3
60.4
60.5
60.6
61.2
61.7
62.3
62.9
63.5
64.3
65.1
65.9
66.8
67.4
67.9
68.4
68.9
69.3
69.7
69.9
70.1
70.3
70.3
70.4
70.4
70.4
70.3
70.3
70.6
70.9
71.3
71.7
72.1
72.7
73.3
74.0
74.7
75.1
75.4
75.8
76.1
76.3
76.5
76.7
60.1
60.1
60.2
60.2
60.3
60.3
60.4
60.5
61.1
61.6
62.1
62.6
63.2
63.9
64.7
65.5
66.3
66.9
67.4
68.0
68.4
68.8
69.2
69.6
69.8
70.1
70.2
70.3
70.4
70.4
70.4
70.4
70.7
71.1
71.4
71.7
72.1
72.6
73.2
73.8
74.4
74.8
75.2
75.6
75.8
76.1
76.3
76.5
slab thickness 8.0 inches .
power density = 2.5 watts/sq.ft.
pipe radius = .50 inches
daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
59.7
59.9
60.1
60.3
60.5
60.7
60.8
60.9
62.3
63.8
65.2
66.3
67.3
68.2
69.1
69.9
70.7
71.4
71.9
72.2
72.5
71.7
70.8
70.2
69.7
69.3
69.0
68.7
68.5
68.3
68.2
68.1
68.8
70.1
71.3
72.4
73.2
74.0
74.7
75.4
76.1
76.6
77.0
77.2
77.4
76.5
75.5
74.7
60.0
60.1
60.2
60.3
60.4
60.6
60.7
60.8
61.1
61.8
62.7
63.7
64.6
65.5
66.4
67.3
68.2
69.0
69.6
70.1
70.5
70.8
70.8
70.8
70.6
70.5
70.4
70.2
70.1
70.0
69.9
69.8
69.8
70.2
70.8
71.6
72.3
73.0
73.7
74.5
75.2
75.8
76.3
76.6
76.9
77.0
76.9
76.7
60.0
60.1
60.1
60.2
60.3
60.4
60.5
60.6
60.8
61.3
61.9
62.6
63.4
64. 1
64.9
65.8
66.6
67.4
68.1
68.6
69.0
69.4
69.7
70.0
70.2
70.3
70.3
70.4
70.4
70.3
70.3
70.3
70.3
70.5
70.9
71.5
72.0
72.5
73.2
73.8
74.5
75.1
75.6
75.9
76.2
76.4
76.6
76.7
60.0
60.1
60.1
60.2
60.3
60.3
60.4
60.5
60.7
61.2
61.8
62.4
63.1
63.7
64.5
65.3
66.1
66.9
67.6
68. 1
68.5
68.9
69.3
69.6
69.9
70.1
70.2
70.3
70.4
70.4
70.4
70.4
70.4
70.7
71.0
71.5
72.0
72.5
73.0
73.6
74.3
74.9
75.4
75.7
76.0
76.2
76.4
76.6
61.0
61.6
61.9
62.2
62.4
62.6
62.8
62.9
66.1
68.5
70.3
71.6
72.4
73.6
74.7
75.6
76.4
76.1
75.7
75.8
75.6
74.6
73.3
72.4
71.7
71.2
70.8
70.6
70.3
70.1
70.0
69.9
72.1
74.4
76.2
77.4
78.0
79.2
80.1
80.9
81.6
81.1
80.7
80.6
80.3
79.2
77.8
76.8
60.4
60.7
60.9
61.2
61.4
61.5
61.7
61.9
64.3
66.1
67.7
68.9
69.7
70.9
72.1
73.0
73.9
73.7
73.4
73.5
73.4
73.1
72.5
71.9
71.4
71.0
70.6
70.4
70.1
70.0
69.8
69.7
71.4
73.1
74.5
75.6
76.2
77.3
78.3
79. 1
79.8
79.5
79. 1
79.1
78.8
78.4
77.7
76.9
60.3
60.4
60.5
60.6
60.8
60.9
61.1
61.2
63.3
64.6
65.8
66.7
67.3
68.5
69.6
70.6
71.5
71.3
71.1
71.3
71.2
71.4
71.4
71.2
71.1
70.9
70.8
70.6
70.5
70.4
70.3
70.2
71.7
72.9
73.8
74.6
75.0
76.0
76.9
77.8
78.5
78.2
77.8
77.9
77.7
77.6
77.5
77.2
60.3
60.4
60.4
60.5
60.6
60.7
60.8
61.0
63.0
64.1
65.1
65.8
66.2
67.3
68.3
69.3
70.2
70.0
69.8
70.0
70.0
70.2
70.4
70.5
70.6
70.7
70.7
70.7
70.6
70.6
70.5
70.5
72.1
73.1
73.9
74.4
74.7
75.6
76.4
77.2
77.9
77.5
77.2
77.3
77.1
77.1
77.1
77. 1
60.3
60.4
60.4
60.5
60.6
60.7
60.8
60.9
63.0
64. 1
64.9
65.6
66.0
67.0
68.0
68.9
69.8
69.6
69.4
69.6
69.6
69.8
70.0
70.2
70.4
70.5
70.6
70.6
70.6
70.6
70.6
70.6
72.2
73.2
74.0
74.5
74.7
75.5
76.3
77.0
77.7
77.4
77.0
77.1
76.9
76.9
76.9
77.0
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
U,
AA-38 DAY 3
half the pipe spacing = 12.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR F1 F31 F61 F91 F121
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
77.0
76.7
76.4
76.2
75.9
75.7
75.5
75.3
79.6
80.8
81.8
82.1
82.1
83.4
84.4
85.1
85.7
84.0
82.8
82.7
81.9
81.7
81.3
80.9
75.6
75.0
74.5
74.1
73.8
73.5
73.2
73.0
74.4
76.0
77.4
78.4
79.1
79.9
80.6
81.2
81.8
82.0
82.2
82.4
82.5
81.5
80.1
78.9
75.9
75.4
75.0
74.6
74.2
73.9
73.7
73.4
74.1
75.0
76.1
76.9
77.7
78.4
79.2
79.8
80.4
80.7
80.9
81.2
81.3
81.1
80.3
79.5
76.6
76.3
76.1
75.8
75.6
75.3
75. 1
74.9
75.2
75.5
76.0
76.6
77.1
77.7
78.4
79.0
79.6
79.9
80.2
80.5
80.6
80.7
80.7
80.4
76.7
76.7
76.6
76.5
76.4
76.2
76.0
75.9
76.2
76.4
76.6
76.9
77.2
77.7
78.3
78.8
79.3
79.7
79.9
80.2
80.4
80.5
80.6
80.7
76.6
76.7
76.7
76.7
76.6
76.5
76.3
76.2
76.5
76.7
76.9
77.1
77.4
77.8
78.3
78.8
79.3
79.6
79.8
80.1
80.3
80.5
80.6
80.7
slab thickness = 8.0 inches pip
power density = 2.5 watts/sq.ft.
daytime water temperature = 55.0 (F)
e radius = .50 inches
surface heat transfer coefficient =
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
74.1
73.7
73.2
72.9
72.6
72.3
72. 1
71.9
72.9
74.1
75.2
76.1
76.8
77.5
78.1
78.7
79.3
79.8
80.1
80.3
80.4
79.3
78.3
77.5
76.5
76.2
75.9
75.7
75.4
75.2
74.9
74.7
74.7
75.1
75.7
76.3
76.9
77.5
78.1
78.8
79.4
79.9
80.3
80.5
80.7
80.7
80.6
80.3
76.7
76.7
76.6
76.5
76.3
76.2
76.0
75.8
75.8
76.0
76.3
76.7
77.1
77.6
78.1
78.6
79.2
79.7
80.1
80.3
80.5
80.6
80.7
80.7
76.7
76.7
76.7
76.7
76.6
76.5
76.3
76.2
76.1
76.3
76.6
76.9
77.3
77.6
78.1
78.6
79.1
79.6
80.0
80.3
80.4
80.6
80.7
80.7
76.0
75.4
75.0
74.6
74.2
74.0
73.7
73.5
76.3
78.4
80.0
81.0
81.5
82.5
83.4
84.1
84.7
84.2
83.7
83.5
83.2
82.0
80.5
79.4
76.3
75.8
75.3
75.0
74.7
74.4
74.1
73.9
76.0
77.5
78.8
79.7
80.2
81.1
82.0
82.8
83.4
83.0
82.5
82.4
82.1
81.6
80.8
80.0
76.9
76.6
76.4
76. 1
75.8
75.6
75.4
75.2
76.9
77.9
78.7
79.3
79.7
80.5
81.4
82.1
82.7
82.3
81.8
81.8
81.5
81.4
81.1
80.8
77.0
76.9
76.8
76.7
76.5
76.3
76.2
76.0
77.8
78.6
79.2
79.6
79.8
80.5
81.2
81.9
82.5
82.1
81.6
81.6
81.3
81.2
81.1
81.0
77.0
77.0
76.9
76.8
76.7
76.6
76.4
76.3
78.0
78.8
79.4
79.8
79.9
80.5
81.3
81.9
82.5
82.0
81.5
81.5
81.2
81.1
81.1
81.1
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
1 .5226
e-0 2
as
01%
AA-39
half the pipe spacing = 12.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
slab thickness = 8.0 inches .
power density = 2.5 watts/sq.ft.
pipe radius = .50 inches
daytime water temperature = 55.0 (F)
F1 F31 F61 F9i F121 M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
60.6
60.7
60.9
61.1
61.2
61.4
61.5
61.7
66.1
67.7
68.9
69.6
69.9
71.5
72.7
73.7
74.6
73.2
72.3
72.4
71.9
71.9
71.7
71.5
DAY 2
71.3
71.1
70.9
70.8
70.7
70.6
70.5
70.5
74. 1
75.7
76.8
77.3
77.4
78.9
79.9
80.7
81.4
79.9
78.8
78.8
78.2
78.0
77.7
77.3
60.8
61.4
61.8
62.1
62.3
62.5
62.7
62.8
64.5
66.5
68.1
69.3
70.4
71.4
72.3
73.1
73.8
74.3
74.7
75.1
75.3
74.4
73.2
72.2
71.5
71.0
70.6
70.3
70.0
69.8
69.6
69.5
70.5
72.3
73.7
74.9
75.8
76.7
77.4
78.1
78.8
79.1
79.4
79.6
79.8
78.8
77.5
76.4
60.2
60.5
60.7
61.0
61.2
61.4
61.5
61.7
62.6
63.9
65.2
66.4
67.4
68.4
69.4
70.3
71.1
71.6
72.1
72.5
72.8
72.8
72.3
71.6
71.1
70.7
70.4
70. 1
69.9
69.7
69.5
69.4
69.8
70.8
71.9
72.9
73.8
74.6
75.4
76.2
76.9
77.3
77.6
77.9
78.1
78.0
77.3
76.6
60.1
60.1
60.2
60.4
60.5
60.6
60.8
60.9
61.5
62.2
63.0
63.9
64.7
65.6
66.5
67.4
68.3
68.9
69.4
69.9
70.3
70.7
70.9
70.8
70.7
70.6
70.5
70.3
70.2
70.1
70.0
69.9
70.2
70.6
71.2
71.8
72.4
73.2
73.9
74.6
75.3
75.8
76.1
76.5
76.8
77.0
77.0
76.8
60.1
60.1
60.2
60.2
60.3
60.4
60.5
60.6
61.2
61.7
62.2
62.8
63.5
64.3
65.1
65.9
66.7
67.3
67.9
68.4
68.9
69.3
69.7
69.9
70.1
70.3
70.3
70.4
70.4
70.3
70.3
70.3
70.6
70.9
71.3
71.7
72.1
72.7
73.3
74.0
74.6
75.0
75.4
75.8
76.1
76.3
76.5
76.6
60.1
60.1
60.2
60.2
60.3
60.3
60.4
60.5
61.1
61.6
62.1
62.6
63.1
63.9
64.6
65.4
66.3
66.8
67.4
67.9
68.4
68.8
69.2
69.6
69.8
70.1
70.2
70.3
70.4
70.4
70.4
70.4
70.7
71.0
71.4
71.7
72.1
72.6
73.2
73.8
74.4
74.8
75.2
75.5
75.8
76. 1
76.3
76.5
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
59.7
59.9
60.1
60.3
60.5
60.7
60.8
60.9
62.3
63.8
65.2
66.3
67.3
68.2
69.1
69.9
70.7
71.4
71.9
72.2
72.5
71.7
70.8
70.2
69.7
69.3
69.0
68.7
68.5
68.3
68.2
68.1
68.8
70.1
71.3
72.4
73.2
74.0
74.7
75.4
76.1
76.6
77.0
77.2
77.4
76.5
75.5
74.7
60.0
60.1
60.2
60.3
60.4
60.6
60.7
60.8
61.1
61.8
62.7
63.7
64.6
65.5
66.4
67.3
68.2
69.0
69.6
70.1
70.5
70.8
70.8
70.8
70.6
70.5
70.4
70.2
70.1
70.0
69.9
69.8
69.8
70.2
70.8
71.6
72.3
73.0
73.7
74.5
75.2
75.8
76.3
76.6
76.9
77.0
76.9
76.7
60.0
60.1
60.1
60.2
60.3
60.4
60.5
60.6
60.8
61.3
61.9
62.6
63.4
64.1
64.9
65.8
66.6
67.4
68.1
68.6
69.0
69.4
69.7
70.0
70.2
70.3
70.3
70.4
70.4
70.3
70.3
70.3
70.3
70.5
70.9
71.5
72.0
72.6
73.2
73.8
74.5
75.1
75.6
75.9
76.2
76.4
76.6
76.7
60.0
60.1
60.1
60.2
60.3
60.3
60.4
60.5
60.7
61.2
61.8
62.4
63.1
63.7
64.5
65.3
66.1
66.9
67.6
68.1
68.6
68.9
69.3
69.6
69.9
70.1
70.2
70.3
70.4
70.4
70.4
70.4
70.4
70.7
71.0
71.5
72.0
72.5
73.0
73.6
74.3
74.9
75.4
75.7
76.0
76.2
76.4
76.6
61.0
61.6
61.9
62.2
62.4
62.6
62.8
62.9
66.1
68.5
70.3
71.6
72.4
73.6
74.7
75.6
76.4
76.1
75.7
75.8
75.6
74.6
73.3
72.4
71.7
71.2
70.8
70.6
70.3
70.1
70.0
69.9
72.1
74.5
76.2
77.4
78.1
79.2
80.1
80.9
81.6
81.2
80.7
80.6
80.3
79.2
77.8
76.8
60.4
60.7
60.9
61.2
61.4
61.5
61.7
61.9
64.3
66.1
67.7
68.9
69.7
71.0
72.1
73.1
73.9
73.7
73.4
73.5
73.4
73.1
72.5
71.9
71.4
71.0
70.6
70.4
70.1
70.0
69.8
69.7
71.4
73.1
74.5
75.6
76.2
77.4
78.3
79.1
79.9
79.5
79.1
79.1
78.8
78.4
77.7
76.9
60.3
60.4
60.5
60.6
60.8
60.9
61.1
61.2
63.4
64.6
65.8
66.7
67.3
68.5
69.6
70.6
71.5
71.3
71.1
71.3
71.3
71.4
71.4
71.3
71.1
70.9
70.8
70.6
70.5
70.4
70.3
70.2
71.7
72.9
73.9
74.6
75.0
76.1
77.0
77.8
78.6
78.2
77.8
77.9
77.7
77.6
77.5
77.2
60.3
60.4
60.4
60.5
60.6
60.7
60.8
61.0
63.1
64.2
65.1
65.8
66.3
67.4
68.4
69.3
70.2
70.0
69.8
70.1
70.0
70.2
70.4
70.5
70.6
70.7
70.7
70.7
70.6
70.6
70.6
70.5
72.1
73.2
73.9
74.5
74.8
75.7
76.5
77.2
77.9
77.6
77.2
77.3
77.1
77.1
77.1
77.1
TW
60.3
60.4
60.4
60.5
60.6
60.7
60.8
60.9
63.0
64.1
65.0
65.6
66.0
67.1
68.0
68.9
69.8
69.6
69.4
69.6
69.6
69.8
70.0
70.2
70.4
70.5
70.6
70.6
70.7
70.6
70.6
70.6
72.2
73.3
74.0
74.5
74.7
75.6
76.4
77.1
77.8
77.4
77.0
77.1
76.9
76.9
77.0
77.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
0o
AA-39 DAY 3
half the pipe spacing = 12.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR F1 F31 F61 F91 F121
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
77.0
76.7
76.4
76.1
75.9
75.7
75.4
75.3
79.4
80.6
81.6
82.0
81.9
83.2
84.2
84.9
85.6
83.9
82.8
82.7
81.9
81.7
81.3
80.8
75.6
75.0
74.5
74.1
73.8
73.5
73.2
73.0
74.4
76.0
77.3
78.3
79. 1
79.9
80.6
81.2
81.8
82.0
82.2
82.4
82.5
81.5
80.1
78.9
75.9
75.4
75.0
74.6
74.2
73.9
73.7
73.4
74.0
75.0
76.0
76.9
77.6
78.4
79.1
79.8
80.4
80.7
80.9
81.2
81.3
81.0
80.3
79.5
76.6
76.3
76.1
75.8
75.6
75.3
75.1
74.9
75.2
75.5
76.0
76.5
77.1
77.7
78.3
79.0
79.6
79.9
80.2
80.5
80.6
80.7
80.7
80.4
76.7
76.7
76.6
76.5
76.3
76.2
76.0
75.9
76.1
76.3
76.6
76.9
77.2
77.7
78.2
78.8
79.3
79.6
79.9
80.2
80.4
80.5
80.6
80.7
76.6
76.7
76.7
76.7
76.6
76.5
76.3
76.2
76.5
76.6
76.9
77.1
77.3
77.8
78.2
78.7
79.3
79.6
79.8
80.1
80.3
80.4
80.6
80.7
slab thickness = 8.0 inches pip
power density = 2.5 watts/sq.ft.
daytime water temperature = 55.0 (F)
M5 M35 M65
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
74.1
73.7
73.2
72.9
72.6
72.3
72.1
71.9
72.9
74.1
75.2
76.1
76.8
77.5
78.1
78.7
79.3
79.8
80.1
80.3
80.4
79.3
78.3
77.5
76.5
76.2
75.9
75.7
75.4
75.2
74.9
74.7
74.7
75.1
75.7
76.3
76.9
77.5
78.1
78.8
79.4
79.9
80.3
80.5
80.7
80.7
80.6
80.3
M95 M125
76.7
76.7
76.6
76.5
76.4
76.2
76.0
75.8
75.8
76.0
76.3
76.7
77.1
77.6
78.1
78.6
79.2
79.7
80.1
80.3
80.5
80.6
80.7
80.7
76.7
76.7
76.7
76.7
76.6
76.5
76.3
76.2
76.1
76.3
76.6
76.9
77.3
77.6
78.1
78.6
79.1
79.6
80.0
80.3
80.5
80.6
80.7
80.7
e radius = .50 inches
surface heat transfer coefficient
C9 C39 C69 C99 C129
76.0
75.4
75.0
74.6
74.2
74.0
73.7
73.5
76.4
78.5
80.0
81.0
81.6
82.5
83.4
84. 1
84.7
84.2
83.7
83.5
83.2
82.0
80.5
79.4
76.3
75.8
75.4
75.0
74.7
74.4
74.1
73.9
76.0
77.5
78.8
79.7
80.2
81.2
82.1
82.8
83.5
83.0
82.5
82.4
82.1
81.6
80.8
80.0
76.9
76.6
76.4
76. 1
75.8
75.6
75.4
75.2
77.0
77.9
78.8
79.4
79.7
80.5
81.4
82.1
82.8
82.3
81.9
81.8
81.5
81.4
81.2
80.8
77.0
76.9
76.8
76.7
76.5
76.3
76.2
76.0
77.8
78.6
79.3
79.6
79.8
80.5
81.3
81.9
82.6
82.1
81.6
81.6
81.3
81.2
81.1
81.0
77.0
77.0
76.9
76.8
76.7
76.6
76.4
76.3
78. 1
78.9
79.5
79.8
79.9
80.6
81.3
81.9
82.5
82.0
81.6
81.5
81.2
81.1
81.1
81.1
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
= -.6655
e-02
00
00,
I,
AA-40
half the pipe spacing 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR F1 F31 F61 F91 F121
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
60.6
60.7
60.7
60.8
60.9
60.9
61.0
61.1
65.6
67.2
68.5
69.2
69.4
71.1
72.3
73.3
74.2
72.6
71.7
71.8
71.2
71.2
70.9
70.5
DAY 2
70.2
69.9
69.6
69.4
69.1
68.9
68.7
68.6
72.3
73.8
74.9
75.5
75.5
77.0
78.0
78.8
79.5
77.8
76.7
76.6
75.9
75.7
75.3
74.8
60.4
60.7
60.8
60.9
61.0
61.0
61.1
61.1
62.6
64.3
65.7
66.9
67.8
68.7
69.6
70.4
71.1
71.5
71.9
72.2
72.5
71.8
70.7
69.8
69.2
68.7
68.4
68.0
67.8
67.5
67.3
67.2
68.0
69.5
70.8
71.8
72.6
73.4
74.1
74.8
75.3
75.6
75.8
76.1
76.2
75.4
74.2
73.2
60.2
60.3
60.4
60.5
60.5
60.6
60.6
60.7
61.7
63.1
64.3
65.4
66.3
67.3
68.2
69.0
69.8
70.3
70.6
71.1
71.3
71.1
70.5
69.8
69.3
68.8
68.5
68.2
67.9
67.7
67.5
67.3
67.7
68.8
69.9
70.9
71.6
72.4
73.2
73.8
74.4
74.8
75.0
75.3
75.4
75.1
74.3
73.5
60.1
60.1
60.2
60.2
60.3
60.3
60.4
60.4
61.1
61.9
62.8
63.7
64.5
65.5
66.4
67.3
68.1
68.7
69.1
69.6
70.0
70.2
70. 1
69.9
69.6
69.3
69.0
68.8
68.6
68.3
68.1
67.9
68.2
68.7
69.3
70.0
70.7
71.4
72.1
72.8
73.5
73.9
74.2
74.5
74.7
74.8
74.5
74.1
60.1
60.1
60.1
60.2
60.2
60.3
60.3
60.4
60.9
61.4
62.1
62.8
63.5
64.4
65.3
66.2
67.0
67.6
68.2
68.7
69.1
69.5
69.7
69.8
69.8
69.7
69.5
69.3
69.1
68.9
68.7
68.5
68.7
69.0
69.3
69.8
70.3
70.9
71.6
72.3
72.9
73.4
73.7
74.1
74.3
74.5
74.6
74.5
60.1
60.1
60.1
60.2
60.2
60.2
60.3
60.3
60.9
61.3
61.9
62.5
63.2
64.0
64.9
65.8
66.7
67.3
67.8
68.4
68.8
69.2
69.6
69.7
69.8
69.8
69.7
69.5
69.3
69. 1
68.9
68.7
68.9
69.1
69.4
69.8
70.2
70.8
71.4
72.1
72.8
73.2
73.5
73.9
74.2
74.4
74.5
74.6
slab thickness = 8.0 inches
power density 2.5 watts/sq.ft.
pipe radius = .50 inches
daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
59.1
59.1
59.1
59.2
59.2
59.3
59.3
59.4
61.4
63.0
64.2
65.2
66.1
66.9
67.6
68.3
69.0
69.6
70.0
70.4
70.6
68.9
67.9
67.2
66.8
66.4
66. I
65.8
65.6
65.4
65.2
65.0
66.4
68.0
69.1
70.0
70.7
71.3
71.9
72.5
73.1
73.5
73.8
74.0
74.2
72.4
71.2
70.4
59.9
59.9
60.0
60.0
60.1
60.1
60.2
60.2
60.6
61.5
62.5
63.5
64.5
65.3
66.2
67.0
67.9
68.6
69.2
69.7
70.0
70. 1
69.8
69.5
69.2
68.9
68.7
68.4
68.2
68.0
67.7
67.5
67.6
68.2
68.9
69.7
70.5
71.1
71.8
72.5
73.2
73.7
74.2
74.4
74.6
74.5
74.1
73.7
60.0
60.0
60.1
60.1
60.2
60.2
60.2
60.3
60.5
61.0
61.7
62.6
63.4
64.2
65.1
66.0
66.9
67.7
68.3
68.8
69.3
69.6
69.8
69.8
69.7
69.6
69.5
69.3
69.1
68.9
68.6
68.4
68.3
68.5
69.0
69.5
70.1
70.7
71.4
72.1
72.8
73.4
73.8
74.2
74.4
74.6
74.6
74.5
60.0
60. 1
60.1
60.1
60.2
60.2
60.3
60.3
60.5
60.9
61.5
62.3
63.1
63.9
64.7
65.6
66.5
67.3
68.0
68.5
69.0
69.3
69.6
69.8
69.8
69.8
69.7
69.5
69.3
69.1
68.9
68.7
68.6
68.7
69.0
69.5
70.0
70.6
71.2
71.9
72.6
73.2
73.7
74.1
74.3
74.5
74.6
74.6
60.6
60.9
61.0
61.1
61.2
61.2
61.3
61.4
64.2
66.4
68.1
69.3
70.0
71.2
72.2
73.1
73.9
73.5
73.2
73.2
73.1
72.2
71.1
70.2
69.6
69.1
68.7
68.4
68.1
67.9
67.7
67.6
69.6
71.7
73.3
74.4
75.0
76.0
76.9
77.6
78.2
77.8
77.3
77.2
76.9
75.9
74.7
73.7
60.4
60.5
60.6
60.7
60.8
60.8
60.9
61.0
63.4
65.3
66.8
67.9
68.7
69.9
70.9
71.8
72.7
72.4
72. 1
72.2
72.0
71.6
70.9
70.2
69.6
69.2
68.8
68.5
68.3
68.0
67.8
67.6
69.3
71.1
72.5
73.5
74.0
75.1
76.0
76.7
77.4
77.0
76.5
76.5
76.2
75.7
74.8
73.9
60.3
60.3
60.4
60.5
60.5
60.6
60.6
60.7
62.8
64.2
65.4
66.4
67.0
68.2
69.3
70.3
71.2
71.0
70.8
70.9
70.8
70.8
70.6
70.3
69.9
69.6
69.3
69.1
68.8
68.6
68.4
68.2
69.7
70.9
71.9
72.7
73.2
74.2
75.1
75.8
76.6
76.2
75.8
75.8
75.5
75.4
75.0
74.5
60.3
60.3
60.4
60.4
60.5
60.5
60.6
60.7
62.7
63.8
64.8
65.6
66.1
67.3
68.4
69.4
70.3
70.1
69.9
70.1
70.1
70.2
70.3
70.2
70.1
70.0
69.8
69.6
69.3
69.1
68.9
68.7
70.2
71.1
71.9
72.5
72.8
73.8
74.6
75.4
76.1
75.8
75.4
75.4
75.2
75.2
75.1
74.9
60.3
60.3
60.4
60.4
60.5
60.5
60.6
60.7
62.6
63.7
64.6
65.4
65.9
67.0
68.1
69.0
70.0
69.8
69.7
69.9
69.8
70.0
70.1
70.2
70.2
70. 1
69.9
69.7
69.5
69.3
69.1
68.9
70.3
71.3
72.0
72.5
72.7
73.6
74.5
75.2
76.0
75.6
75.3
75.3
75.1
75.1
75.1
75.0
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
00
AA-40 DAY 3
half the pipe spacing = 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR
74.3
73.9
73.5
73.1
72.7
72.4
72.0
71.8
76.0
77.2
78.2
78.5
78.5
79.8
80.8
81.5
82.1
80.3
79.1
79.0
78.2
77.9
77.4
76.8
F1 F31 F61 F91 F121
72.5
71.9
71.4
71.0
70.6
70.3
70.0
69.8
70.9
72.4
73.5
74.4
75.1
75.7
76.4
76.9
77.4
77.7
77.8
78.0
78.0
77.2
75.9
74.9
72.9
72.3
71.8
71.4
71.1
70.7
70.4
70.1
70.8
71.8
72.8
73.6
74.3
75.0
75.6
76.2
76.7
77.0
77.1
77.3
77.4
77.0
76.2
75.3
73.7
73.3
72.9
72.5
72.2
71.8
71.5
71.2
71.5
71.9
72.5
73.1
73.7
74.3
74.9
75.5
76.1
76.4
76.6
76.9
77.0
77.0
76.7
76.2
74.3
74.1
73.8
73.4
73.1
72.8
72.4
72.1
72.3
72.5
72.8
73.1
73.5
74.1
74.6
75.2
75.8
76.1
76.4
76.6
76.8
76.9
76.9
76.8
74.5
74.3
74.0
73.7
73.4
73.1
72.8
72.4
72.6
72.7
72.9
73.2
73.5
74.0
74.6
75.1
75.7
76.0
76.3
76.6
76.7
76.9
77.0
76.9
slab thickness 8.0 inches pip
power density = 2.5 watts/sq.ft.
daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
69.9
69.4
69.0
68.7
68.3
68.0
67.8
67.5
69.3
70.6
71.6
72.4
73.0
73.6
74.1
74.6
75.1
75.4
75.7
75.8
75.9
74.0
72.8
72.0
73.3
72.8
72.5
72.1
71.7
71.4
71.1
70.8
70.8
71.4
72.1
72.8
73.4
74.0
74.6
75.1
75.7
76.2
76.5
76.8
76.9
76.7
76.2
75.7
74.3
74.0
73.7
73.4
73.0
72.7
72.4
72.0
71.9
72.0
72.4
72.9
73.4
73.9
74.4
75.0
75.6
76.1
76.5
76.8
76.9
77.0
76.9
76.7
74.5
74.3
74.0
73.7
73.4
73.1
72.8
72.4
72.2
72.3
72.6
72.9
73.4
73.8
74.4
75.0
75.5
76.1
76.5
76.7
76.9
77.0
77.0
77.0
73.0
72.4
71.9
71.5
71.1
70.8
70.5
70.2
72.8
74.7
76.1
77.0
77.5
78.3
79.2
79.8
80.4
79.9
79.3
79.2
78.8
77.7
76.4
75.4
e radius = .50 inches
surface heat transfer coefficient =
C9 C39 C69 C99 C129
73.3 74.1
72.7 73.6
72.2 73.2
71.8 72.8
71.5 72.5
71.1 72.1
70.8 71.8
70.5 71.5
72.7 73.2
74.2 74.3
75.5 75.2
76.3 75.8
76.7 76.2
77.6 77.0
78.5 77.9
79.1 78.5
79.7 79.2
79.2 78.7
78.7 78.2
78.6 78.2
78.2 77.8
77.6 77.6
76.7 77.2
75.8 76.6
74.6
74.3
74.0
73.6
73.3
72.9
72.6
72.3
73.9
74.7
75.4
75.8
76.0
76.8
77.6
78.3
78.9
78.5
78.0
78.0
77.7
77.6
77.4
77.1
74.8
74.5
74.2
73.9
73.6
73.2
72.9
72.6
74.2
74.9
75.5
75.9
76.0
76.8
77.6
78.2
78.9
78.4
78.0
77.9
77.6
77.5
77.4
77.3
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
49.0
50.0
51,.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
1 .4932
e- 02
0
AA-41
half the pipe spacing = 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness = 8.0 inches
power density = 2.5 watts/sq.ft.
pipe radius = .50 inches
daytime water temperature = 55.0 (F)
F1 F31 F61 F91 F121
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21-.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
60.6
60.6
60.7
60.8
60.8
60.9
60.9
61.1
65.3
66.9
68.2
68.9
69.2
70.8
72. 1
73.0
73.9
72.5
71.6
71.7
71.2
71.2
70.9
70.5
DAY
70.2
69.9
69.6
69.3
69.1
68.9
68.6
68.5
72.0
73.5
74.6
75.2
75.3
76.7
77.7
78.5
79.2
77.7
76.6
76.6
75.9
75.7
75.3
74.8
60.4
60.7
60.8
60.9
61.0
61.0
61.1
61.1
62.6
64.3
65.7
66.8
67.8
68.7
69.5
70.3
71.0
71.5
71.8
72.2
72.5
71.8
70.7
69.8
69.2
68.7
68.3
68.0
67.8
67.5
67.3
67.1
68.0
69.5
70.8
71.8
72.6
73.4
74.1
74.7
75.3
75.6
75.8
76.1
76.2
75.4
74.2
73.2
60.2
60.3
60.4
60.5
60.5
60.6
60.6
60.7
61.7
63.0
64.3
65.4
66.3
67.2
68.1
68.9
69.7
70.2
70.6
71.0
71.3
71.1
70.4
69.8
69.3
68.8
68.5
68.2
67.9
67.7
67. 4
67.3
67.7
68.8
69.9
70.8
71.6
72.4
73.1
73.8
74.4
74.7
75.0
75.3
75.4
75.1
74.3
73.5
60.1
60.1
60.2
60.2
60.3
60.3
60.4
60.4
61.0
61.8
62.7
63.6
64.5
65.4
66.3
67.2
68.0
68.6
69. 1
69.6
70.0
70.2
70.1
69.9
69.6
69.3
69.0
68.8
68.6
68.3
68. 1
67.9
68.1
68.6
69.3
70.0
70.6
71.4
72.1
72.8
73.4
73.8
74.1
74.5
74.7
74.8
74.5
74.1
M5 M35 M65 M95 M125
60.1
60.1
60.1
60.2
60.2
60.2
60.3
60.3
60.9
61.4
62.0
62.7
63.5
64.3
65.2
66.1
67.0
67.6
68.1
68.7
69.1
69.5
69.7
69.8
69.8
69.7
69.5
69.3
69.1
68.9
68.7
68.5
68.7
68.9
69.3
69.7
70.2
70.9
71.5
72.2
72.9
73.3
73.7
74.0
74.3
74.5
74.6
74.5
60.1
60.1
60.1
60.2
60.2
60.2
60.3
60.3
60.8
61.3
61.8
62.5
63.1
64.0
64.9
65.7
66.6
67.3
67.8
68.4
68.8
69.2
69.5
69.7
69.8
69.8
69.7
69.5
69.3
69. 1
68.9
68.7
68.9
69.1
69.3
69.7
70.1
70.7
71.4
72.0
72.7
73.1
73.5
73.9
74.1
74.4
74.5
74.6
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
59. 1
59.1
59.1
59.2
59.2
59.3
59.3
59.4
61.4
63.0
64.2
65.3
66.1
66.9
67.6
68.3
69.0
69.6
70.0
70.4
70.6
68.9
67.9
67.2
66.8
66.4
66.1
65.8
65.6
65.4
65.2
65.0
66.4
68.0
69. 1
70.0
70.7
71.3
71.9
72.5
73.1
73.5
73.8
74.0
74.2
72.4
71.2
70.4
59.9
59.9
60.0
60.0
60.1
60.1
60.2
60.2
60.6
61.5
62.5
63.5
64.5
65.3
66.2
67.1
67.9
68.6
69.2
69.7
70.0
70.1
69.8
69.5
69.2
68.9
68.7
68.4
68.2
68.0
67.7
67.5
67.6
68.2
68.9
69.7
70.5
71.1
71.8
72.5
73.2
73.7
74.2
74.4
74.6
74.5
74.1
73.7
C9 C39 C69 C99 C129
60.0
60.0
60.1
60.1
60.2
60.2
60.2
60.3
60.5
61.0
61.7
62.6
63.4
64.2
65.1
66.0
66.9
67.7
68.3
68.8
69.3
69.6
69.8
69.8
69.7
69.6
69.5
69.3
69.1
68.9
68.6
68.4
68.3
68.5
69.0
69.5
70.1
70.7
71.4
72.1
72.8
73.4
73.8
74.2
74.4
74.6
74.6
74.5
60.0
60.1
60.1
60.1
60.2
60.2
60.3
60.3
60.5
60.9
61.5
62.3
63. 1
63.9
64.7
65.6
66.5
67.4
68.0
68.5
69.0
69.4
69.6
69.8
69.8
69.8
69.7
69.5
69.3
69.1
68.9
68.7
68.6
68.7
69.0
69.5
70.0
70.6
71.2
71.9
72.6
73.2
73.7
74.1
74.3
74.5
74.6
74.6
60.6
60.9
61.0
61.1
61.2
61.2
61.3
61.4
64.3
66.5
68.2
69.3
70.0
71.2
72.3
73.1
73.9
73.6
73.2
73.3
73.1
72.2
71.1
70.2
69.6
69.1
68.7
68.4
68.2
67.9
67.7
67.6
69.6
71.8
73.4
74.4
75.0
76.0
76.9
77.6
78.3
77.8
77.3
77.2
76.9
75.9
74.7
73.7
60.4
60.5
60.6
60.7
60.8
60.8
60.9
61.0
63.4
65.3
66.9
68.0
68.7
69.9
71.0
71.9
72.7
72.4
72.1
72.2
72.0
71.6
70.9
70.2
69.6
69.2
68.8
68.5
68.3
68.0
67.8
67.7
69.4
71.1
72.6
73.5
74. 1
75.1
76.0
76.8
77.5
77.0
76.6
76.5
76.2
75.7
74.8
74.0
60.3
60.4
60.4
60.5
60.5
60.6
60.6
60.7
62.8
64.2
65.5
66.4
67.1
68.3
69.4
70.4
71.3
71.0
70.8
70.9
70.8
70.8
70.6
70.3
69.9
69.6
69.4
69.1
68.8
68.6
68.4
68.2
69.7
70.9
72.0
72.8
73.2
74.2
75.1
75.9
76.6
76.2
75.8
75.8
75.5
75.4
75.0
74.6
TIME TAIR
TW
60.3
60.3
60.4
60.4
60.5
60.5
60.6
60.7
62.7
63.8
64.9
65.6
66.2
67.4
68.5
69.4
70.4
70.2
70.0
70.2
70.1
70.2
70.3
70.3
70.1
70.0
69.8
69.6
69.3
69.1
68.9
68.7
70.2
71.2
72.0
72.6
72.9
73.8
74.7
75.4
76.2
75.8
75.4
75.4
75.2
75.2
75.1
74.9
60.3
60.3
60.4
60.4
60.5
60.5
60.6
60.7
62.7
63.8
64.7
65.4
65.9
67.1
68.1
69.1
70.1
69.9
69.7
69.9
69.9
70.0
70.2
70.2
70.2
70.1
69.9
69.7
69.5
69.3
69.1
68.9
70.4
71.3
72.0
72.5
72.8
73.7
74.5
75.3
76.0
75.7
75.3
75.3
75.1
75.1
75.1
75.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
H1
AA-41 DAY 3
half the pipe spacing 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR
74.3
73.8
73.4
73.1
72.7
72.4
72.0
71.8
75.7
76.9
77.9
78.3
78.3
79.5
80.5
81.2
81.8
80.2
79.0
78.9
78.2
77.9
77.4
76.8
F1 F31 F61 F91 F121
72.5
71.9
71.4
71.0
70.6
70.3
70.0
69.8
70.9
72.3
73.5
74.3
75.0
75.7
76.3
76.9
77.4
77.6
77.8
77.9
78.0
77.1
75.9
74.9
72.8
72.3
71.8
71.4
71.0
70.7
70.4
70.1
70.8
71.8
72.8
73.6
74.2
74.9
75.5
76.1
76.7
76.9
77.1
77.3
77.4
77.0
76.1
75.3
73.7
73.3
72.9
72.5
72.2
71.8
71.5
71.2
71.5
71.9
72.5
73.1
73.6
74.2
74.9
75.5
76.0
76.3
76.6
76.8
77.0
77.0
76.7
76.2
74.3
74.0
73.7
73.4
73.1
72.8
72.4
72. I
72.3
72.4
72.7
73.1
73.5
74.0
74.6
75.2
75.7
76.1
76.3
76.6
76.8
76.9
76.9
76.8
74.5
74.3
74.0
73.7
73.4
73.1
72.8
72.4
72.6
72.6
72.8
73.1
73.5
73.9
74.5
75.1
75.7
76.0
76.3
76.6
76.7
76.9
77.0
76.9
slab thickness = 8.0 inches pip
power density = 2.5 watts/sq.ft.
daytime water temperature = 55.0 (F)
MS M35 M65 M95 M125
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
69.9
69.4
69.0
68.7
68.3
68.0
67.8
67.5
69.3
70.6
71.6
72.4
73.0
73.6
74.1
74.6
75.1
75.4
75.7
75.8
75.9
74.0
72.8
72.0
73.3
72.8
72.5
72.1
71.7
71.4
71.1
70.8
70.8
71.4
72.1
72.8
73.4
74.0
74.6
75.1
75.7
76.2
76.5
76.8
76.9
76.7
76.2
75.7
74.3
74.0
73.7
73.4
73.0
72.7
72.4
72.0
71.9
72.0
72.4
72.9
73.4
73.9
74.4
75.0
75.6
76.1
76.5
76.8
76.9
77.0
76.9
76.7
74.5
74.3
74.0
73.7
73.4
73.1
72.8
72.4
72.2
72.3
72.6
72.9
73.4
73.8
74.4
75.0
75.6
76.1
76.5
76.7
76.9
77.0
77.0
77.0
73.0
72.4
71.9
71.5
71.1
70.8
70.5
70.2
72.9
74.8
76.2
77.1
77.5
78.4
79.2
79.9
80.4
79.9
79.3
79.2
78.8
77.7
76.4
75.4
e radius = .50 inches
surface heat transfer coefficient =
C9 C39 C69 C99 C129
73.3
72.7
72.3
71.8
71.5
71.1
70.8
70.6
72.7
74.3
75.5
76.4
76.8
77.7
78.5
79.2
79.8
79.3
78.7
78.6
78.2
77.6
76.7
75.8
74.1
73.6
73.2
72.8
72.5
72.1
71.8
71.5
73.3
74.3
75.3
75.9
76.2
77.1
77.9
78.6
79.2
78.8
78.3
78.2
77.8
77.6
77.2
76.6
74.6
74.3
74.0
73.6
73.3
72.9
72.6
72.3
74.0
74.8
75.4
75.9
76.1
76.9
77.7
78.4
79.0
78.5
78.1
78.0
77.7
77.6
77.4
77.1
74.8
74.5
74.2
73.9
73.6
73.2
72.9
72.6
74.2
75.0
75.5
75.9
76.1
76.8
77.6
78.3
78.9
78.5
78.0
78.0
77.7
77.6
77.5
77.3
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
7147
e-02
I
AA-42
half the pipe spacing = 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness 8.0 inches . pipe radius = .50 inches
power density = 2.5 watts/sq.ft.
daytime water temperature = 55.0 (F)
F1 F31 F61
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
-40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
60.6
60.6
60.7
60.8
60.8
60.9
60.9
61.1
65.1
66.7
68.0
68.7
69.0
70.6
71.8
72.8
73.7
72.4
71.6
71.7
71.2
71.2
70.9
70.5
DAY 2
70.2
69.9
69.6
69.3
69.1
68.8
68.6
68.5
71.8
73.3
74.4
75.0
75.1
76.5
77.5
78.3
79.0
77.6
76.6
76.5
75.9
75.7
75.2
74.7
60.4
60.7
60.8
60.9
61.0
61.0
61.1
61.1
62.6
64.2
65.7
66.8
67.7
68.6
69.5
70.3
71.0
71.4
71.8
72.2
72.5
71.8
70.7
69.8
69.2
68.7
68.3
68.0
67.8
67.5
67.3
67.1
67.9
69.4
70.7
71.8
72.5
73.3
74.0
74.7
75.2
75.6
75.8
76.0
76.2
75.4
74.2
73.2
F91 F121
60.2
60.3
60.4
60.5
60.5
60.6
60.6
60.7
61.7
63.0
64.2
65.3
66.3
67.2
68.1
68.9
69.7
70.2
70.6
71.0
71.3
71.1
70.4
69.8
69.2
68.8
68.5
68.2
67.9
67.7
67.4
67.3
67.7
68.8
69.9
70.8
71.5
72.3
73.1
73.7
74.3
74.7
75.0
75.2
75.4
75.1
74.3
73.5
60.1
60.1
60.2
60.2
60.3
60.3
60.4
60.4
61.0
61.8
62.7
63.6
64.4
65.4
66.3
67.1
68.0
68.6
69.1
69.6
69.9
70.2
70.1
69.9
69.6
69.3
69.0
68.8
68.6
68.3
68.1
67.9
68.1
68.6
69.3
69.9
70.6
71.3
72.0
72.7
73.4
73.8
74.1
74.4
74.7
74.7
74.5
74.1
M5 M35 M65 M95 M125
60.1
60.1
60.1
60.2
60.2
60.2
60.3
60.3
60.8
61.3
62.0
62.7
63.4
64.3
65.2
66.1
66.9
67.6
68.1
68.7
69.1
69.5
69.7
69.8
69.8
69.7
69.5
69.3
69.1
68.9
68.7
68.5
68.6
68.9
69.2
69.7
70.2
70.8
71.5
72.2
72.8
73.3
73.6
74.0
74.3
74.5
74.6
74.5
60.1
60.1
60. 1
60.2
60.2
60.2
60.3
60.3
60.8
61.2
61.8
62.4
63.1
63.9
64.8
65.7
66.6
67.2
67.8
68.4
68.8
69.2
69.5
69.7
69.8
69.8
69.7
69.5
69.3
69.1
68.9
68.7
68.9
69.0
69.3
69.7
70.1
70.7
71.3
72.0
72.7
73. 1
73.5
73.9
74.1
74.4
74.5
74.6
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
59.1
59.1
59.1
59.2
59.2
59.3
59.3
59.4
61.4
63.0
64.2
65.3
66.1
66.9
67.6
68.3
69.0
69.6
70.0
70.4
70.6
68.9
67.9
67.2
66.8
66.4
66.1
65.8
65.6
65.4
65.2
65. I
66.4
68.0
69.1
70.0
70.7
71.3
71.9
72.5
73.1
73.5
73.8
74.0
74.2
72.4
71.2
70.4
59.9
59.9
60.0
60.0
60.1
60.1
60.2
60.2
60.6
61.5
62.5
63.5
64.5
65.3
66.2
67. 1
67.9
68.6
69.2
69.7
70.0
70.1
69.8
69.5
69.2
68.9
68.7
68.4
68.2
68.0
67.7
67.5
67.6
68.2
68.9
69.7
70.5
71.1
71.8
72.5
73.2
73.7
74.2
74.4
74.6
74.5
74.1
73.7
C9 C39 C69 C99 C129
60.0
60.0
60.1
60.1
60.2
60.2
60.2
60.3
60.5
61.0
61.7
62.6
63.4
64.2
65.1
66.0
66.9
67.7
68.3
68.8
69.3
69.6
69.8
69.8
69.7
69.6
69.5
69.3
69.1
68.9
68.6
68.4
68.3
68.5
69.0
69.5
70.1
70.7
71.4
72.1
72.8
73.4
73.8
74.2
74.4
74.6
74.6
74.5
60.0
60.1
60.1
60.1
60.2
60.2
60.3
60.3
60.5
60.9
61.5
62.3
63.1
63.9
64.7
65.6
66.5
67.4
68.0
68.5
69.0
69.4
69.6
69.8
69.8
69.8
69.7
69.5
69.3
69.1
68.9
68.7
68.6
68.7
69.0
69.5
70.0
70.6
71.2
71.9
72.6
73.2
73.7
74.1
74.3
74.5
74.6
74.6
60.6
60.9
61.0
61.1
61.2
61.2
61.3
61.4
64.3
66.5
68.2
69.4
70.1
71.3
72.3
73.2
74.0
73.6
73.2
73.3
73.1
72.2
71.1
70.2
69.6
69.1
68.7
68.4
68.2
67.9
67.7
67.6
69.7
71.8
73.4
74.5
75.0
76.1
77.0
77.7
78.3
77.8
77.3
77.3
76.9
75.9
74.7
73.7
60.4
60.5
60.6
60.7
60.8
60.8
60.9
61.0
63.5
65.4
66.9
68.0
68.7
70.0
71.0
71.9
72.8
72.4
72.1
72.2
72.0
71.6
70.9
70.2
69.6
69.2
68.8
68.5
68.3
68.0
67.8
67.7
69.4
71.2
72.6
73.6
74.1
75.2
76.1
76.8
77.5
77.1
76.6
76.5
76.2
75.7
74.8
74.0
60.3
60.4
60.4
60.5
60.5
60.6
60.6
60.7
62.9
64.3
65.5
66.5
67.1
68.4
69.4
70.4
71.3
71. 1
70.8
71.0
70.8
70.8
70.6
70.3
70.0
69.6
69.4
69.1
68.8
68.6
68.4
68.2
69.8
71.0
72.0
72.8
73.3
74.3
75.2
76.0
76.7
76.3
75.8
75.8
75.6
75.4
75.0
74.6
TIME TAIR
TW
60.3
60.3-
60.4
60.4
60.5
60.5
60.6
60.7
62.7
63.9
64.9
65.7
66.2
67.4
68.5
69.5
70.4
70.2
70.0
70.2
70.1
70.2
70.3
70.3
70.1
70.0
69.8
69.6
69.4
69.1
68.9
68.8
70.2
71.2
72.0
72.6
72.9
73.9
74.7
75.5
76.2
75.8
75.5
75.5
75.2
75.2
75.1
74.9
60.3
60.3
60.4
60.4
60.5
60.5
60.6
60.7
62.7
63.8
64.8
65.5
66.0
67.1
68.2
69.2
70.1
69.9
69.7
69.9
69.9
70.0
70.2
70.2
70.2
70.1
69.9
69.7
69.5
69.3
69.1
68.9
70.4
71.3
72. 1
72.6
72.8
73.7
74.6
75.4
76.1
75.7
75.3
75.4
75. 1
75.1
75.1
75.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
H
AA-42 DAY 3
half the pipe spacing = 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR
74.3
73.8
73.4
73.0
72.7
72.3
72.0
71.8
75.5
76.7
77.7
78.1
78.1
79.3
80.3
81.0
81.6
80.1
79.0
78.9
78.2
77.9
77.4
76.8
F1 F31 F61
72.5
71.9
71.4
71.0
70.6
70.3
70.0
69.7
70.9
72.3
73.4
74.3
75.0
75.6
76.3
76.8
77.3
77.6
77.7
77.9
78.0
77.1
75.9
74.9
72.8
72.3
71.8
71.4
71.0
70.7
70.4
70.1
70.7
71.8
72.7
73.5
74.2
74.9
75.5
76.1
76.6
76.9
77. 1
77.3
77.4
77.0
76.1
75.3
73.7
73.3
72.9
72.5
72.2
71.8
71.5
71.2
71.4
71.9
72.5
73.0
73.6
74.2
74.8
75.4
76.0
76.3
76.6
76.8
77.0
77.0
76.7
76.2
F91 F121
74.3
74.0
73.7
73.4
73.1
72.8
72.4
72.1
72.2
72.4
72.7
73.0
73.4
74.0
74.5
75.1
75.7
76.0
76.3
76.6
76.8
76.9
76.9
76.8
74.5
74.3
74.0
73.7
73.4
73.1
72.8
72.4
72.5
72.6
72.8
73. 1
73.4
73.9
74.5
75.0
75.6
76.0
76.2
76.5
76.7
76.9
77.0
76.9
slab thickness = 8.0 inches pip
power density = 2.5 watts/sq.ft.
daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
69.9
69.4
69.0
68.7
68.3
68.0
67.8
67.5
69.3
70.6
71.6
72.4
73.0
73.6
74.1
74.6
75.1
75.4
75.7
75.8
75.9
74.0
72.8
72.0
73.3
72.8
72.5
72.1
71.7
71.4
71.1
70.8
70.8
71.4
72.1
72.8
73.4
74.0
74.6
75. 1
75.7
76.2
76.6
76.8
76.9
76.7
76.2
75.7
74.3
74.0
73.7
73.4
73.0
72.7
72.4
72.0
71.9
72.0
72.4
72.9
73.4
73.9
74.4
75.0
75.6
76.1
76.5
76.8
76.9
77.0
76.9
76.7
74.5
74.3
74.0
73.7
73.4
73.1
72.8
72.4
72.2
72.3
72.6
72.9
73.4
73.8
74.4
75.0
75.6
76.1
76.5
76.7
76.9
77.0
77.0
77.0
73.0
72.4
71.9
71.5
71.1
70.8
70.5
70.3
72.9
74.8
76.2
77.1
77.5
78.4
79.3
79.9
80.5
79.9
79.3
79.2
78.8
77.7
76.4
75.4
e radius = .50 inches
surface heat transfer coefficient =
C9 C39 C69 C99 C129
73.3
72.7
72.3
71.9
71.5
71.1
70.8
70.6
72.7
74.3
75.6
76.4
76.8
77.7
78.6
79.2
79.8
79.3
78.8
78.6
78.2
77.6
76.7
75.8
74. 1
73.6
73.2
72.8
72.5
72.1
71.8
71.5
73.3
74.4
75.3
75.9
76.3
77.1
78.0
78.7
79.3
78.8
78.3
78.2
77.8
77.6
77.2
76.6
74.6
74.3
74.0
73.6
73.3
72.9
72.6
72.3
74.0
74.8
75.5
75.9
76.1
76.9
77.7
78.4
79.1
78.6
78.1
78.0
77.7
77.6
77.4
77.1
74.8
74.5
74.2
73.9
73.6
73.2
72.9
72.6
74.3
75.0
75.6
76.0
76.1
76.9
77.7
78.3
79.0
78.5
78.0
78.0
77.7
77.6
77.5
77.3
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
1.9290
e-02
XH
IS
AA-43
half the pipe spacing = 6.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness = 8.0 inches
power density = 2.5 watts/sq.ft.
pipe radius = .50 inches
daytime water temperature = 55.0 (F)
F1 F31 F61 F91 F121 M5 M35 M65 M95 M125 C9 C39 C69 C99 C129 TW
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
60.4
59.9
59.2
58.6
58.1
57.6
57.1
56.8
60.9
62.4
63.7
64.3
64.5
66.1
67.2
68.0
68.7
67.0
65.9
65.8
65.1
64.7
63.8
62.8
DAY 2
59.6
58.7
58.0
57.4
56.9
56.4
56.0
55.7
56.9
58.4
59.6
60.5
61.2
61.9
62.6
63.2
63.8
64.1
64.3
64.5
64.6
63.5
62.1
61.0
59.6
58.8
58.1
57.5
57.0
56.5
56.1
55.7
56.7
58.0
59.1
60.0
60.7
61.5
62.2
62.9
63.5
63.8
64.0
64.2
64.3
63.6
62.3
61.3
59.8
59.2
58.6
58.0
57.4
56.9
56.5
56.1
56.5
57.4
58.4
59.3
60.0
60.8
61.6
62.3
62.9
63.3
63.6
63.8
64.0
63.7
62.8
61.9
60.0
59.5
59.0
58.4
57.9
57.3
56.8
56.4
56.6
57.2
57.9
58.7
59.5
60.4
61.2
61.9
62.6
63.0
63.3
63.6
63.8
63.8
63.3
62.6
25.0 61.9 60.2 60.4 61.1 61.8
26.0 61.1 59.4 59.7 60.3 61.0
27.0 60.4 58.8 59.0 59.6 60.2
28.0 59.7 58.2 58.4 59.0 59.5
29.0 59.1 57.7 57.8 58.4 58.9
30.0 58.5 57.2 57.3 57.8 58.3
31.0 58.0 56.7 56.9 57.3 57.7
32.0 57.6 56.3 56.4 56.8 57.2
33.0 61.0 57.0 56.9 57.0 57.2
34.0 62.6 58.6 58.2 57.8 57.6
35.0 63.9 59.8 59.3 58.7 58.3
36.0 64.6 60.7 60.3 59.5 59.1
37.0 64.7 61.4 61.0 60.3 59.8
38.0 66.3 62.1 61.7 61.1 60.6
39.0 67.4 62.8 62.4 61.8 61.4
40.0 68.2 63.4 63.0 62.5 62.1
41.0 68.9 63.9 63.6 63.1 62.8
42.0 67.2 64.2 63.9 63.5 63.2
43.0 66.1 64.4 64.1 63.7 63.5
44.0 66.0 64.6 64.3 64.0 63.8
45.0 65.2 64.7 64.4 64.1 63.9
46.0 64.8 63.6 63.7 63.8 63.9
47.0 63.9 62.2 62.4 62.9 63.4
48.0 62.9 61.1 61.4 62.0 62.7
TIME TAIR
60.0
59.7
59.2
58.6
58.0
57.5
57.0
56.6
56.7
57.1
57.8
58.6
59.3
60.2
61.0
61.8
62.5
62.9
63.2
63.5
63.7
63.8
63.4
62.8
62.0
61.2
60.5
59.8
59.1
58.5
57.9
57.4
57.3
57.6
58.2
58.9
59.6
60.5
61.2
62.0
62.7
63.1
63.4
63.7
63.9
63.9
63.6
62.9
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
54. 1
53.3
52.8
52.5
52.2
51.9
51.6
51.4
56.4
57.6
58.3
58.9
59.4
59.8
60.2
60.6
61.0
61.3
61.5
61.6
61.6
56.6
55.4
54.8
54.2
53.8
53.4
53.0
52.7
52.4
52.1
51.8
56.2
57.6
58.4
59.0
59.5
59.9
60.3
60.7
61.1
61.4
61.5
61.6
61.7
56.6
55.5
54.8
58.6
57.7
57.1
56.6
56.1
55.6
55.2
54.9
56.0
57.2
58.2
59.0
59.8
60.4
61.1
61.7
62.3
62.8
63. 1
63.3
63.5
62.1
61.0
60.1
59.4
58.7
58.1
57.5
56.9
56.4
56.0
55.5
56.2
57.4
58.4
59.2
60.0
60.6
61.3
61.9
62.5
63.0
63.3
63.5
63.6
62.2
61.1
60.2
59.7
59. 1
58.5
57.9
57.4
56.9
56.4
56.0
56.1
56.8
57.7
58.6
59.4
60.2
60.9
61.7
62.3
62.9
63.3
63.6
63.7
63.4
62.8
62.0
61.2
60.4
59.7
59.0
58.4
57.8
57.3
56.8
56.6
57.2
58.0
58.8
59.6
60.4
61.1
61.9
62.5
63.1
63.5
63.7
63.9
63.6
62.9
62.1
59.9
59.4
58.9
58.3
57.8
57.3
56.8
56.3
56.2
56.7
57.5
58.4
59.2
60.0
60.8
61.6
62.3
62.9
63.3
63.6
63.8
63.7
63.2
62.5
61.7
60.9
60.2
59.5
58.8
58.2
57.7
57.1
56.8
57.1
57.8
58.7
59.5
60.3
61.0
61.8
62.5
63.1
63.5
63.8
63.9
63.8
63.3
62.6
59.8
59.0
58.3
57.7
57.2
56.8
56.4
56.0
58.7
60.7
62.2
63.1
63.6
64.7
65.5
66.2
66.9
66.4
65.8
65.7
65.4
64.2
62.7
61.5
60.6
59.9
59.2
58.6
58.1
57.6
57.1
56.7
58.6
60.8
62.3
63.3
63.8
64.8
65.7
66.4
67.0
66.5
66.0
65.8
65.5
64.3
62.8
61.6
59.9
59. 1
58.4
57.9
57.3
56.9
56.4
56.1
58.5
60.3
61.8
62.7
63.2
64.3
65.2
65.9
66.5
66.1
65.6
65.5
65.1
64.2
62.9
61.8
60.9
60.1
59.4
58.8
58.2
57.7
57.2
56.8
58.5
60.4
61.9
62.9
63.4
64.5
65.3
66.1
66.7
66.2
65.7
65.6
65.2
64.3
63.0
61.9
60.0
59.5
58.8
58.2
57.7
57.2
56.8
56.4
58.3
59.8
61.1
62.0
62.6
63.6
64.6
65.4
66.1
65.7
65.2
65.1
64.8
64.3
63.3
62.4
61.5
60.7
60.0
59.3
58.7
58.1
57.6
57.1
58.5
60.0
61.3
62.3
62.8
63.9
64.8
65.6
66.3
65.8
65.4
65.3
64.9
64.4
63.5
62.5
60.2
59.8
59.2
58.7
58.1
57.6
57. 1
56.7
58.4
59.5
60.7
61.5
62. 1
63.2
64.2
65.0
65.8
65.4
65.0
65.0
64.6
64.4
63.8
62.9
62.1
61.3
60.5
59.8
59.2
58.5
58.0
57.5
58.7
59.9
60.9
61.8
62.4
63.5
64.4
65.2
66.0
65.6
65.2
65.1
64.8
64.5
63.9
63.0
60.2
59.9
59.4
58.8
58.3
57.7
57.2
56.8
58.4
59.5
60.5
61.4
61.9
63.1
64.1
64.9
65.7
65.3
64.9
64.9
64.6
64.4
63.9
63.2
62.3
61.5
60.7
60.0
59.4
58.7
58.2
57.7
58.8
59.8
60.8
61.7
62.2
63.3
64.3
65.1
65.9
65.5
65.1
65.1
64.7
64.5
64.0
63.3
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
U,
AA-43 DAY 3
half the pipe spacing = 6.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR F1 F31 F61 F91 F121
slab thickness = 8.0 inches pip
power density 2.5 watts/sq.ft.
daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125
e radius = .50 inches
surface heat transfer coefficient =
C9 C39 C69 C99 C129 TW
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
62.0
61.2
60.5
59.8
59.1
58.6
58.0
57.6
61.6
63.1
64.3
64.9
65.1
66.5
67.6
68.4
69.1
67.4
66.3
66.1
65.4
65.0
64.0
60.2
59.5
58.8
58.3
57.7
57.2
56.8
56.4
57.6
59.0
60.2
61.0
61.7
62.4
63.0
63.6
64. 1
64.4
64.5
64.7
64.8
63.8
62.3
60.5
59.7
59. 1
58.5
57.9
57.4
56.9
56.5
57.4
58.6
59.7
60.6
61.2
62.0
62.6
63.2
63.8
64.1
64.3
64.5
64.6
63.8
62.5
61.2
60.4
59.7
59.0
58.4
57.9
57.3
56.9
57.3
58.1
59.0
59.9
60.6
61.3
62.0
62.7
63.3
63.7
63.9
64.1
64.2
63.9
63.1
61.9
61.1
60.3
59.6
59.0
58.4
57.8
57.3
57.4
57.9
58.6
59.4
60.1
60.9
61.7
62.4
63.0
63.4
63.7
63.9
64.1
64.0
63.5
62.1
61.3
60.6
59.9
59.2
58.6
58.0
57.4
57.5
57.8
58.5
59.2
59.9
60.7
61.5
62.3
62.9
63.3
63.6
63.9
64.0
64.1
63.7
72.0 63.1 61.2 61.5 62.2 62.8 63.0
43.0 54.3 59.5 61.3 61.8 60.7 60.9 61.6 62.2
43.0 53.8 58.8 60.5 61.0 59.9 60.2 60.8 61.4
43.0 53.4 58.1 59.8 60.3 59.3 59.5 60.0 60.6
43.0 53.1 57.5 59.1 59.6 58.7 58.8 59.4 59.9
43.0 52.7 57.0 58.5 58.9 58.1 58.3 58.7 59.2
43.0 52.4 56.5 57.9 58.3 57.6 57.7 58.2 58.6
43.0 52.1 56.0 57.3 57.7 57.1 57.3 57.6 58.0
43.0 51.9 55.6 56.8 57.2 56.8 56.8 57.2 57.6
55.0 56.8 56.7 56.9 57.0 59.4 59.2 59.1 59.2
55.0 57.9 57.8 57.5 57.4 61.3 61.0 60.5 60.3
55.0 58.6 58.7 58.3 58.2 62.8 62.4 61.7 61.4
55.0 59.2 59.5 59.2 59.0 63.6 63.2 62.6 62.2
55.0 59.7 60.2 60.0 59.8 64.1 63.7 63.1 62.7
55.0 60.1 60.9 60.7 60.6 65.0 64.7 64.1 63.7
55.0 60.5 61.5 61.4 61.3 65.9 65.5 65.0 64.7
55.0 60.8 62.1 62.1 62.0 66.6 66.3 65.8 65.5
55.0 61.2 62.7 62.7 62.7 67.2 66.9 66.5 66.2
55.0 61.5 63.1 63.3 63.3 66.7 66.4 66.0 65.8
55.0 61.6 63.4 63.7 63.7 66.1 65.9 65.5 65.4
55.0 61.7 63.6 63.9 63.9 66.0 65.7 65.4 65.3
55.0 61.8 63.7 64.0 64.1 65.6 65.4 65.1 64.9
43.0 56.7 62.3 63.7 64.0 64.4 64.4 64.6 64.7
43.0 55.6 61.2 63.0 63.5 62.9 63.1 63.6 64.0
43.0 54.9 60.3 62.2 62.7 61.7 62.0 62.6 63.2
1.6114
e-02
62.4
61.6
60.8
60.1
59.4
58.8
58.2
57.7
59.3
60.2
61.2
62.0
62.6
63.6
64.6
65.4
66.1
65.7
65.3
65.2
64.9
64.7
64.2
63.4
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
I
F-1
AA-44
half the pipe spacing 6.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness = 8.0 inches
power density = 2.5 watts/sq.ft.
pipe radius = .50 inches
daytime water temperature = 55.0 (F)
F1 F31 F61 F91 F121
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
Ii .0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
60.4
59.8
59.2
58.6
58.1
57.6
57.1
56.8
60.5
62.0
63.3
64.0
64.3
65.8
66.9
67.7
68.4
66.9
65.9
65.8
65.1
64.7
63.8
62.8
DAY 2
61.9
61.1
60.4
59.7
59.0
58.5
57.9
57.5
60.6
62.3
63.6
64.3
64.5
66.0
67.1
67.9
68.6
67.1
66.0
65.9
65.2
64.8
63.9
62.9
59.6
58.7
58.0
57.4
56.9
56.4
56.0
55.7
56.9
58.4
59.5
60.4
61.1
61.9
62.6
63.2
63.7
64.0
64.2
64.4
64.5
63.5
62.1
61.0
60.1
59.4
58.8
58.2
57.7
57.2
56.7
56.3
57.0
58.5
59.7
60.6
61.3
62.1
62.7
63.3
63.9
64.2
64.4
64.6
64.7
63.6
62.2
61.1
59.6
58.8
58.1
57.5
57.0
56.5
56. 1
55.7
56.7
58.0
59.1
60.0
60.7
61.5
62.2
62.8
63.4
63.7
63.9
64.2
64.3
63.5
62.3
61.3
60.4
59.7
59.0
58.4
57.8
57.3
56.8
56.4
56.9
58.2
59.3
60.2
60.9
61.7
62.3
63.0
63.5
63.8
64.1
64.3
64.4
63.7
62.4
61.4
59.8
59.2
58.6
58.0
57.4
56.9
56.5
56.0
56.5
57.4
58.3
59.2
60.0
60.8
61.5
62.2
62.9
63.2
63.5
63.8
63.9
63.7
62.8
61.9
61.1
60.3
59.6
59.0
58.4
57.8
57.3
56.8
56.9
57.7
58.6
59.5
60.2
61.0
61.7
62.4
63.0
63.4
63.7
63.9
64. 1
63.8
62.9
62.0
M5 M35 M65 M95 M125
59.9
59.5
59.0
58.4
57.9
57.3
56.8
56.4
56.6
57.1
57.9
58.7
59.4
60.3
61.1
61.8
62.5
63.0
63.3
63.6
63.8
63.7
63.3
62.5
61.8
61.0
60.2
59.5
58.9
58.3
57.7
57.2
57.2
57.5
58.2
59.0
59.7
60.5
61.3
62.0
62.7
63.1
63.4
63.7
63.9
63.9
63.4
62.7
60.0
59.7
59.2
58.6
58.0
57.5
57.0
56.5
56.6
57.0
57.7
58.5
59.3
60.1
61.0
61.7
62.4
62.9
63.2
63.5
63.7
63.8
63.4
62.8
62.0
61.2
60.5
59.8
59.1
58.5
57.9
57.4
57.3
57.5
58.1
58.8
59.6
60.4
61.2
61.9
62.6
63.1
63.4
63.7
63.8
63.9
63.5
62.9
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
54.1
53.3
52.8
52.5
52.2
51.9
51.6
51.4
56.4
57.6
58.3
58.9
59.4
59.8
60.2
60.6
61.0
61.3
61.5
61.6
61.6
56.6
55.4
54.8
54.2
53.8
53.4
53.0
52.7
52.4
52.1
51.8
56.2
57.6
58.4
59.0
59.5
59.9
60.3
60.7
61.1
61.4
61.5
61.6
61.7
56.6
55.5
54.8
58.6
57.7
57. 1
56.6
56.1
55.6
55.2
54.9
56.0
57.2
58.2
59.0
59.8
60.4
61.1
61.7
62.3
62.8
63.1
63.3
63.5
62.1
61.0
60.1
59.4
58.7
58. 1
57.5
56.9
56.4
56.0
55.5
56.2
57.4
58.4
59.2
60.0
60.6
61.3
61.9
62.5
63.0
63.3
63.5
63.6
62.2
61.1
60.2
C9 C39 C69 C99 C129
59.7
59.1
58.5
57.9
57.4
56.9
56.4
56.0
56.1
56.8
57.7
58.6
59.4
60.2
60.9
61.7
62.3
62.9
63.3
63.6
63.7
63.4
62.8
62.0
61.2
60.4
59.7
59.0
58.4
57.8
57.3
56.8
56.6
57.2
58.0
58.8
59.6
60.4
61.1
61.9
62.5
63.1
63.5
63.7
63.9
63.6
62.9
62.1
59.9
59.4
58.9
58.3
57.8
57.3
56.8
56.3
56.2
56.7
57.5
58.4
59.2
60.0
60.8
61.6
62.3
62.9
63.3
63.6
63.8
63.7
63.2
62.5
61.7
60.9
60.2
59.5
58.8
58.2
57.7
57.1
56.8
57.1
57.8
58.7
59.5
60.3
61.0
61.8
62.5
63.1
63.5
63.8
63.9
63.8
63.3
62.6
59.8
59.0
58.3
57.7
57.2
56.8
56.4
56.1
58.8
60.8
62.3
63.2
63.7
64.7
65.6
66.3
66.9
66.4
65.9
65.8
65.4
64.2
62.7
61.6
60.6
59.9
59.2
58.6
58.1
57.6
57.1
56.7
58.7
60.8
62.4
63.4
63.9
64.9
65.8
66.5
67.1
66.5
66.0
65.9
65.5
64.3
62.8
61.6
59.9
59.1
58.4
57.9
57.3
56.9
56.5
56.1
58.5
60.4
61.8
62.8
63.3
64.3
65.2
66.0
66.6
66. 1
65.6
65.5
65.1
64.2
62.9
61.8
60.9
60.1
59.4
58.8
58.2
57.7
57.2
56.8
58.6
60.5
62.0
63.0
63.5
64.5
65.4
66. 1
66.8
66.3
65.7
65.6
65.2
64.3
63.0
61.9
60.0
59.5
58.8
58.3
57.7
57.2
56.8
56.4
58.4
59.9
61.2
62.1
62.6
63.7
64.7
65.5
66.2
65.7
65.2
65.2
64.8
64.3
63.4
62.4
61.5
60.7
60.0
59.3
58.7
58.1
57.6
57.1
58.6
60.1
61.4
62.3
62.9
63.9
64.8
65.6
66.3
65.9
65.4
65.3
64.9
64.4
63.5
62.5
TIME TAIR TW
60.2
59.8
59.2
58.7
58. 1
57.6
57.1
56.7
58.4
59.6
60.7
61.6
62.2
63.3
64.3
65.1
65.9
65.5
65.0
65.0
64.7
64.4
63.8
62.9
62.1
61.3
60.5
59.8
59.2
58.6
58.0
57.5
58.8
59.9
61.0
61.9
62.4
63.5
64.5
65.3
66.1
65.6
65.2
65.1
64.8
64.5
63.9
63.1
60.2
59.9
59.4
58.8
58.3
57.7
57.2
56.8
58.5
59.5
60.6
61.4
62.0
63.2
64.2
65.0
65.8
65.4
65.0
64.9
64.6
64.4
63.9
63.2
62.3
61.5
60.7
60.0
59.4
58.7
58.2
57.7
58.9
59.9
60.9
61.7
62.3
63.4
64.4
65.2
66.0
65.6
65.1
65.1
64.8
64.6
64.0
63.3
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
H
-I
AA-44 DAY 3
half the pipe spacing = 6.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR F1 F31 F61 F91 F121
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
62.0
61.2
60.4
59.7
59.1
58 .5
58.0
57.6
61.3
62.7
64.0
64.6
64.8
66.2
67.3
68.1
68.8
67.3
66.2
66.1
65.4
64.9
64.0
63.0
60.2
59.5
58.8
58.3
57.7
57.2
56.8
56.4
57.5
59.0
60. 1
61.0
61.6
62.3
62.9
63.5
64. 1
64.3
64.5
64.7
64.8
63.8
62.3
61.2
60.5
59.7
59.1
58.4
57.9
57.4
56.9
56.5
57.3
58.6
59.7
60.5
61.2
61.9
62.6
63.2
63.7
64.0
64.2
64.4
64.5
63.8
62.5
61.5
61.2
60.4
59.7
59.0
58.4
57.9
57.3
56.9
57.2
58.1
59.0
59.8
60.5
61.3
62.0
62.6
63.3
63.6
63.9
64.1
64.2
63.9
63. 1
62.2
61.9
61.1
60.3
59.6
59.0
58.4
57.8
57.3
57.4
57.8
58.6
59.3
60.0
60.8
61.6
62.3
63.0
63.4
63.6
63.9
64.1
64.0
63.5
62.8
62.1
61.3
60.6
59.9
59.2
58.6
58.0
57.4
57.5
57.8
58.4
59.2
59.9
60.7
61.5
62.2
62.9
63.3
63.6
63.9
64.0
64.1
63.7
63.0
slab thickness = 8.0 inches pip
power density = 2.5 watts/sq.ft.
daytime water temperature = 55.0 (F)
e radius = .50 inches
surface heat transfer coefficient =
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
54.3
53.8
53.4
53.1
52.7
52.4
52.1
51.9
56.8
57.9
58.6
59.2
59.7
60.1
60.5
60.8
61.2
61.5
61.6
61.7
61.8
56.7
55.6
54.9
59.5
58.8
58.1
57.5
57.0
56.5
56.0
55.6
56.7
57.8
58.7
59.5
60.2
60.9
61.5
62.1
62.7
63.1
63.4
63.6
63.7
62.3
61.2
60.3
61.3
60.5
59.8
59.1
58.5
57.9
57.3
56.8
56.9
57.5
58.3
59.2
60.0
60.7
61.4
62.1
62.7
63.3
63.7
63.9
64.0
63.7
63.0
62.2
61.8
61.0
60.3
59.6
58.9
58.3
57.7
57.2
57.0
57.4
58.2
59.0
59.8
60.6
61.3
62.0
62.7
63.3
63.7
63.9
64.1
64.0
63.5
62.7
60.7
60.0
59.3
58.7
58.1
57.6
57.2
56.8
59.4
61.4
62.8
63.7
64.2
65. 1
66.0
66.7
67.3
66.7
66.2
66.0
65.6
64.4
62.9
61.7
61.0
60.2
59.5
58.8
58.3
57.7
57.3
56.8
59.2
61.0
62.4
63.3
63.8
64.7
65.6
66.3
67.0
66.4
65.9
65.8
65.4
64.4
63.1
62.0
61.6
60.8
60.0
59.4
58.7
58.2
57.6
57.2
59.1
60.6
61.8
62.7
63.2
64.2
65.1
65.9
66.5
66.1
65.6
65.5
65.1
64.6
63.6
62.6
62.2
61.4
60.6
59.9
59.2
58.6
58.1
57.6
59.2
60.3
61.4
62.2
62.8
63.8
64.7
65.6
66.3
65.8
65.4
65.3
65.0
64.7
64.0
63.2
62.4
61.6
60.8
60.1
59.4
58.8
58.2
57.7
59.3
60.3
61.3
62.1
62.6
63.6
64.6
65.5
66.2
65.8
65.3
65.3
64.9
64.7
64.2
63.4
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
1 .9068
oo
AA-45
half the pipe spacing = 6.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
F1 F31 F61 F91 F121
60.5
59.9
59.3
58.8
58.2
57.7
57.3
56.9
61.9
63.6
65.0
65.7
65.8
67.6
68.8
69.7
70.5
68.4
67.0
66.9
65.9
65.5
64.5
63.5
DAY 2
62.6
61.7
60.9
60.2
59.6
59.0
58.4
58.0
62.2
64.0
65.5
66.2
66.2
68.0
69.2
70.1
70.8
68.7
67.3
67.1
66.1
65.7
64.7
63.7
59.6
58.7
58.0
57.4
56.9
56.5
56.1
55.7
57.1
58.6
59.9
60.8
61.6
62.4
63.1
63.8
64.4
64.7
64.8
65.0
65.1
64.1
62.6
61.5
60.6
59.8
59.2
58.6
58.0
57.5
57.0
56.6
57.4
59.0
60.2
61.2
61.9
62.7
63.4
64.1
64.6
64.9
65.0
65.2
65.3
64.2
62.8
61.6
59.6
58.8
58.1
57.6
57.0
56.6
56.2
55.8
56.8
58.2
59.4
60.4
61.1
61.9
62.7
63.4
64.1
64.4
64.6
64.8
64.9
64. 1
62.8
61.8
60.9
60.1
59.4
58.8
58.2
57.7
57.2
56.7
57.3
58.6
59.8
60.8
61.5
62.3
63.0
63.7
64.3
64.6
64.8
65.0
65.1
64.3
63.0
61.9
59.8
59.2
58.6
58.0
57.5
57.0
56.5
56.1
56.7
57.7
58.7
59.6
60.4
61.3
62. 1
62.9
63.6
64.0
64.2
64.5
64.6
64.3
63.4
62.5
61.6
60.8
60.1
59.4
58.8
58.2
57.6
57.2
57.4
58.2
59.2
60.1
60.8
61.7
62.5
63.2
63.9
64.2
64.5
64.7
64.8
64.5
63.6
62.7
60.0
59.6
59.0
58.4
57.9
57.4
56.9
56.5
56.8
57.4
58.2
59. 1
59.9
60.8
61.7
62.5
63.3
63.7
64.0
64.3
64.4
64.4
63.9
63.1
62.3
61.5
60.7
60.0
59.3
58.7
58.1
57.6
57.6
58. 1
58.8
59.6
60.4
61.3
62.1
62.9
63.6
64.0
64.3
64.6
64.7
64.6
64.1
63.3
slab thickness = 8.0 inches pipe radius = .50 inches
power density = 3.0 watts/sq.ft.
daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
60.0
59.7
59.2
58.6
58.1
57.5
57.1
56.6
56.8
57.3
58.1
58.9
59.7
60.7
61.6
62.4
63.2
63.6
63.9
64.2
64.4
64.4
64.1
63.4
62.6
61.8
61.0
60.3
59.6
58.9
58.3
57.8
57.7
58.1
58.7
59.5
60.2
61.1
62.0
62.8
63.6
64.0
64.2
64.5
64.6
64.7
64.3
63.6
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
54. 1
53.3
52.8
52.5
52.2
51.9
51.7
51.4
56.4
57.6
58.4
59.1
59.6
60.0
60.5
60.9
61.3
61.7
61.8
61.9
62.0
56.9
55.7
55.1
54.5
54.1
53.6
53.3
52.9
52.6
52.3
52.0
56.4
57.9
58.7
59.3
59.8
60.3
60.7
61.1
61.5
61.8
62.0
62.1
62.1
57.0
55.9
55.2
58.6
57.7
57.1
56.6
56.1
55.7
55.3
54.9
56.1
57.3
58.4
59.3
60.1
60.8
61.5
62.2
62.9
63.4
63.7
63.9
64.0
62.7
61.5
60.6
59.8
59.1
58.5
57.9
57.3
56.8
56.3
55.8
56.6
57.8
58.8
59.7
60.5
61.2
61.9
62.5
63.2
63.7
64.0
64.2
64.2
62.9
61.7
60.8
59.7
59.1
58.5
58.0
57.4
56.9
56.5
56.0
56.2
56.9
57.9
58.9
59.8
60.6
61.4
62.2
63.0
63.6
64.0
64.3
64.4
64.1
63.4
62.6
61.7
60.9
60.2
59.5
58.8
58.2
57.7
57. 1
57.0
57.6
58.4
59.4
60.2
61.0
61.8
62.6
63.3
63.9
64.3
64.5
64.6
64.3
63.6
62.7
59.9
59.4
58.9
58.3
57.8
57.3
56.8
56.4
56.3
56.8
57.7
58.7
59.6
60.5
61.4
62.2
63.0
63.6
64.1
64.3
64.5
64.4
63.8
63.1
62.3
61.5
60.7
60.0
59.3
58.6
58.1
57.5
57. 2
57.5
58.3
59.2
60.1
60.9
61.8
62.6
63.3
63.9
64.4
64.6
64.7
64.6
64.0
63.3
59.8
59.1
58.4
57.8
57.3
56.9
56.5
56.1
59.2
61.4
63.0
64.0
64.5
65.7
66.6
67.4
68.1
67.4
66.8
66.6
66.1
64.8
63.3
62.1
61.1
60.4
59.7
59.0
58.5
57.9
57.5
57.1
59.3
61.6
63.3
64.4
64.9
66.0
66.9
67.7
68.4
67.7
67.0
66.8
66.3
65.0
63.5
62.2
59.9
59.2
58.5
57.9
57.4
57.0
56.5
56.2
59.0
61.0
62.6
63.6
64.1
65.3
66.3
67.1
67.8
67.2
66.5
66.3
65.8
64.8
63.5
62.3
61.4
60.6
59.9
59.2
58.6
58.1
57.6
57.2
59.2
61.3
62.9
64.0
64.5
65.6
66.6
67.4
68.1
67.4
66.7
66.5
66. 1
65.0
63.7
62.5
60.1
59.5
58.9
58.3
57.8
57.3
56.8
56.5
58.8
60.5
61.9
62.9
63.5
64.7
65.7
66.6
67.4
66.8
66.2
66.0
65.6
65.0
64.0
63.0
62.1
61.2
60.5
59.8
59. 1
58.5
58.0
57.5
59.3
60.9
62.4
63.4
63.9
65.1
66.1
66.9
67.7
67.1
66.5
66.3
65.8
65.2
64.2
63.2
60.2
59.8
59.3
58.7
58.2
57.7
57.2
56.8
58.9
60.2
61.5
62.4
63.0
64.3
65.4
66.3
67.1
66.6
66.0
65.9
65.5
65.1
64.5
63.6
62.7
61.9
61.1
60.3
59.6
59.0
58.4
57.9
59.5
60.8
62.0
62.9
63.5
64.7
65.7
66.6
67.4
66.9
66.3
66.2
65.7
65.4
64.7
63.8
TW
60.3
59.9
59.4
58.9
58.3
57.8
57.3
56.9
58.9
60.2
61.4
62.3
62.9
64.1
65.3
66.2
67.0
66.5
66.0
65.9
65.4
65.2
64.6
63.8
63.0
62.1
61.3
60.6
59.9
59.2
58.6
58.1
59.6
60.8
61.9
62.8
63.4
64.6
65.6
66.6
67.4
66.8
66.3
66.1
65.7
65.4
64.8
64.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
H
AA-45 DAY 3
half the pipe spacing = 6.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness = 8.0 inches pip
power density = 3.0 watts/sq.ft.
daytime water temperature = 55.0 (F)
e radius = .50 inches
surface heat transfer coefficient =
F1 F31 F61 F91 F121
60.7
60.0
59.3
58.7
58.1
57.6
57.1
56.7
58.0
59.5
60.7
61.5
62.2
63.0
63.7
64.3
64.9
65. 1
65.2
65.4
65.4
64.4
62.9
61.8
61.0
60.2
59.5
58.9
58.3
57.8
57.3
56.8
57.8
59.1
60.2
61.1
61.8
62.6
63.3
64.0
64.6
64.8
65.0
65.2
65.2
64.4
63.2
62.1
61.8
61.0
60.2
59.5
58.9
58.3
57.7
57.3
57.8
58.6
59.6
60.5
61.2
62.0
62.8
63.5
64.1
64.5
64.7
64.9
65.0
64.6
63.7
62.8
62.5
61.7
60.9
60.2
59.5
58.8
58.2
57.7
57.9
58.4
59.2
60.0
60.8
61.6
62.4
63.2
63.9
64.3
64.5
64.8
64.9
64.8
64.3
63.5
62.8
62.0
61.2
60.4
59.7
59.0
58.4
57.9
58.0
58.4
59.1
59.9
60.6
61.5
62.3
63.1
63.8
64.2
64.5
64.7
64.8
64.8
64.4
63.7
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
54.6
54.1
53.7
53.3
53.0
52.7
52.4
52.1
57.0
58.2
58.9
59.5
60.0
60.4
60.9
61.3
61.6
61.9
62.1
62.2
62.2
57.1
55.9
55.2
60.0
59.3
58.6
58.0
57.4
56.9
56.4
55.9
57.1
58.2
59.2
60.0
60.8
61.5
62.1
62.8
63.4
63.9
64.2
64.3
64.4
63.0
61.8
60.9
61.9
61.1
60.3
59.6
59.0
58.4
57.8
57.2
57.3
58.0
58.8
59.8
60.6
61.4
62.1
62.9
63.6
64.2
64.5
64.7
64.8
64.5
63.7
62.9
62.5
61.6
60.9
60.1
59.4
58.8
58.2
57.6
57.4
57.9
58.7
59.6
60.5
61.3
62.1
62.8
63.6
64.2
64.6
64.8
64.9
64.8
64.2
63.4
61.3
60.5
59.8
59.2
58.6
58.0
57.6
57.2
60.1
62.3
63.8
64.7
65.2
66.2
67.2
67.9
68.6
67.9
67.2
66.9
66.4
65.1
63.6
62.4
61.5
60.7
60.0
59.3
58.7
58.2
57.7
57.3
60.0
61.9
63.4
64.4
64.8
65.9
66.8
67.6
68.3
67.6
66.9
66.7
66.2
65.2
63.8
62.6
62.2
61.4
60.6
59.9
59.3
58.7
58. 1
57.6
59.9
61.5
62.8
63.7
64.3
65.3
66.3
67.2
67.9
67.3
66.7
66.5
66.0
65.4
64.4
63.3
62.9
62.0
61.2
60.5
59.8
59.1
58.5
58.0
60.0
61.3
62.5
63.3
63.9
65.0
66.0
66.9
67.7
67. 1
66.5
66.4
65.9
65.5
64.8
63.9
63.1
62.3
61.5
60.7
60.0
59.3
58.7
58.2
60.1
61.2
62.4
63.2
63.7
64.9
65.9
66.8
67.6
67.1
66.5
66.3
65.9
65.6
65.0
64.2
TIME TAIR
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
62.7
61.9
61.1
60.4
59.7
59.1
58.5
58.1
62.9
64.6
65.9
66.5
66.6
68.2
69.5
70.3
71.1
69.0
67.5
67.3
66.3
65.8
64.9
63.8
1 6114
e-02
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
I
N.
0
AA-46
half the pipe spacing = 6.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness = 8.0 inches pipe radius = .50 inches
power density = 3.0 watts/sq.ft.
daytime water temperature = 55.0 (F)
F1 F31 F61 F91 F121 M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
60.4
59.9
59.3
58.7
58.2
57.7
57.2
56.9
61.4
63.2
64.6
65.3
65.5
67.2
68.5
69.4
70.1
68.3
67.0
66.8
65.9
65.4
64.5
63.5
DAY 2
62.5
61.7
60.9
60.2
59.6
59.0
58.4
58.0
61.8
63.6
65.1
65.8
66.0
67.6
68.8
69.7
70.4
68.6
67.2
67.0
66.1
65.6
64.7
59.6
58.7
58.0
57.4
56.9
56.5
56.1
55.7
57.0
58.6
59.8
60.8
61.5
62.3
63.0
63.7
64.3
64.6
64.8
65.0
65. 1
64.0
62.6
61.5
60.6
59.8
59.2
58.6
58.0
57.5
57.0
56.6
57.4
58.9
60.2
61.1
61.9
62.6
63.3
64.0
64.6
64.8
65.0
65.2
65.3
64.2
62.8
61.6
59.6
58.8
58.1
57.5
57.0
56.6
56.2
55.8
56.8
58.2
59.3
60.3
61.1
61.9
62.6
63.3
64.0
64.3
64.5
64.7
64.8
64.1
62.8
61.8
60.9
60.1
59.4
58.8
58.2
57.7
57.2
56.7
57.3
58.6
59.8
60.7
61.4
62.2
63.0
63.6
64.3
64.6
64.8
65.0
65.0
64.3
63.0
59.8
59.2
58.6
58.0
57.4
57.0
56.5
56.1
56.6
57.6
58.6
59.5
60.3
61.2
62.0
62.8
63.5
63.9
64.2
64.4
64.5
64.2
63.4
62.5
61.6
60.8
60.1
59.4
58.8
58.2
57.6
57.1
57.3
58.2
59.1
60.0
60.8
61.6
62.4
63. 1
63.8
64.2
64.4
64.7
64.8
64.4
63.6
60.0
59.6
59.0
58.4
57.9
57.4
56.9
56.4
56.7
57.3
58.2
59.0
59.8
60.8
61.6
62.5
63.2
63.6
64.0
64.3
64.4
64.4
63.9
63.1
62.3
61.5
60.7
60.0
59.3
58.7
58.1
57.6
57.6
58.0
58.7
59.6
60.3
61.2
62.0
62.8
63.6
64.0
64.2
64.5
64.7
64.6
64.1
60.0
59.7
59.2
58.6
58.1
57.5
57.0
56.6
56.8
57.2
58.0
58.9
59.7
60.6
61.5
62.3
63.1
63.6
63.9
64.2
64.4
64.4
64.0
63.4
62.6
61.8
61.0
60.2
59.6
58.9
58.3
57.8
57.7
58.0
58.6
59.4
60.2
61.1
61.9
62.7
63.5
63.9
64.2
64.5
64.6
64.6
64.3
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
54.1
53.3
52.8
52.5
52.2
51.9
51.7
51.4
56.4
57.6
58.4
59.1
59.6
60.0
60.5
60.9
61.3
61.7
61.8
61.9
62.0
56.9
55.7
55.1
54.5
54. 1
53.6
53.3
52.9
52.6
52.3
52.0
56.4
57.9
58.7
59.3
59.8
60.3
60.7
61.1
61.5
61.8
62.0
62.1
62.1
57.0
55.8
58.6
57.7
57.1
56.6
56.1
55.7
55.3
54.9
56.1
57.3
58.4
59.3
60. 1
60.8
61.5
62.2
62.9
63.4
63.7
63.9
64.0
62.7
61.5
60.6
59.8
59.1
58.5
57.9
57.3
56.8
56.3
55.8
56.6
57.8
58.8
59.7
60.5
61.2
61.9
62.5
63.2
63.7
64.0
64.2
64.2
62.9
61.7
59.7
59.1
58.5
58.0
57.4
56.9
56.5
56.0
56.2
56.9
57.9
58.9
59.8
60.6
61.4
62.2
63.0
63.6
64.0
64.3
64.4
64.1
63.4
62.6
61.7
60.9
60.2
59.5
58.8
58.2
57.7
57.1
57.0
57.6
58.4
59.4
60.2
61.0
61.8
62.6
63.3
63.9
64.3
64.5
64.6
64.3
63.6
59.9
59.4
58.9
58.3
57.8
57.3
56.8
56.4
56.3
56.8
57.7
58.7
59.6
60.5
61.4
62.2
63.0
63.6
64.1
64.3
64.5
64.4
63.8
63.1
62.3
61.5
60.7
60.0
59.3
58.6
58.1
57.5
57.2
57.5
58.3
59.2
60.1
60.9
61.8
62.6
63.3
63.9
64.4
64.6
64.7
64.6
64.0
59.9
59. 1
58.4
57.8
57.3
56.9
56.5
56.2
59.3
61.5
63.1
64.1
64.6
65.7
66.7
67.5
68.2
67.5
66.8
66.6
66.1
64.8
63.3
62.1
61.2
60.4
59.7
59.0
58.5
58.0
57.5
57.1
59.4
61.7
63.4
64.4
64.9
66.1
67.0
67.8
68.4
67.7
67.0
66.8
66.3
65.0
63.5
59.9
59.2
58.5
57.9
57.4
57.0
56.5
56.2
59.0
61.1
62.7
63.6
64.2
65.3
66.3
67.2
67.9
67.2
66.5
66.4
65.9
64.9
63.5
62.4
61.4
60.6
59.9
59.2
58.6
58.1
57.6
57.2
59.3
61.4
63.0
64.0
64.6
65.7
66.7
67.5
68.2
67.5
66.8
66.6
66. 1
65.1
63.7
61.9 62.6 63.3 63.6 43.0 55.2 60.8 62.7 63.3 62.3 62.5 63.2 63.8 64.0
TIME TAIR TW
60.1
59.5
58.9
58.3
57.8
57.3
56.9
56.5
58.9
60.6
62.0
63.0
63.5
64.8
65.8
66.7
67.5
66.8
66.2
66.1
65.6
65.0
64.0
63.0
62.1
61.2
60.5
59.8
59.1
58.6
58.0
57.6
59.3
61.0
62.4
63.4
64.0
65.2
66.2
67.0
67.8
67. 1
66.5
66.3
65.8
65.2
64.2
60.2
59.8
59.3
58.7
58.2
57.7
57.2
56.8
58.9
60.3
61.6
62.5
63.1
64.4
65.5
66.4
67.2
66.6
66.1
65.9
65.5
65.2
64.5
63.6
62.7
61.9
61.1
60.3
59.7
59.0
58.4
57.9
59.5
60.9
62.1
63.0
63.6
64.8
65.8
66.7
67.5
66.9
66.3
66.2
65.7
65.4
64.7
60.3
59.9
59.5
58.9
58.4
57.8
57.3
56.9
59.0
60.2
61.4
62.4
62.9
64.2
65.3
66.3
67.1
66.6
66.0
65.9
65.5
65.2
64.6
63.8
63.0
62.1
61.3
60.6
59.9
59.2
58.6
58.1
59.6
60.8
62.0
62.9
63.4
64.7
65.7
66.6
67.5
66.9
66.3
66.2
65.7
65.4
64.8
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
0
H
48.0 63.7
AA-46 DAY 3
half the pipe spacing = 6.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness 8.0 inches
power density 3.0 watts/sq.ft.
pipe radius = .50 inches
surface heat transfer coefficient =
daytime water temperature = 55.0 (F)
F1 F31 F61 F91 F121
60.7
60.0
59.3
58.7
58.1
57.6
57.1
56.7
57.9
59.4
60.6
61.5
62.2
62.9
63.6
64.2
64.8
65.0
65.2
65.4
65.4
64.4
62.9
61.8
61.0
60.2
59.5
58.9
58.3
57.8
57.3
56.8
57.8
59.1
60.2
61.1
61.8
62.5
63.2
63.9
64.5
64.8
64.9
65.1
65.2
64.4
63.1
62.0
61.8
61.0
60.2
59.5
58.9
58.3
57.7
57.2
57.7
58.6
59.5
60.4
61.1
61.9
62.7
63.4
64.1
64.4
64.6
64.9
64.9
64.6
63.7
62.8
62.5
61.7
60.9
60. 1
59.5
58.8
58.2
57.7
57.9
58.4
59.1
59.9
60.7
61.5
62.3
63.1
63.8
64.2
64.5
64.7
64.8
64.8
64.2
63.5
62.8
61.9
61.1
60.4
59.7
59.0
58.4
57.9
58.0
58.3
59.0
59.8
60.5
61.4
62.2
63.0
63.7
64.1
64.4
64.7
64.8
64.8
64.4
63.7
M5 M35 M65 M95 M125
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
54.6
54.1
53.7
53.3
53.0
52.7
52.4
52.1
57.0
58.2
58.9
59.5
60.0
60.4
60.9
61.3
61.6
61.9
62.1
62.2
62.2
57.1
55.9
55.2
60.0
59.3
58.6
58.0
57.4
56.9
56.4
55.9
57.1
58.2
59.2
60.0
60.8
61.5
62.1
62.8
63.4
63.9
64.2
64.3
64.4
63.0
61.8
60.9
61.9
61.1
60.3
59.6
59.0
58.4
57.8
57.2
57.3
58.0
58.8
59.8
60.6
61.4
62.1
62.9
63.6
64.2
64.5
64.7
64.8
64.5
63.7
62.9
62.5
61.6
60.9
60.1
59.4
58.8
58.2
57.6
57.4
57.9
58.7
59.6
60.5
61.3
62.1
62.8
63.6
64.2
64.6
64.8
64.9
64.8
64.2
63.4
C9 C39 C69 C99 C129
61.3
60.5
59.8
59.2
58.6
58.1
57.6
57.2
60.2
62.3
63.9
64.8
65.3
66.3
67.2
68.0
68.6
67.9
67.2
67.0
66.4
65.1
63.6
62.4
61.6
60.7
60.0
59.4
58.8
58.2
57.7
57.3
60.0
62.0
63.5
64.4
64.9
65.9
66.9
67.7
68.4
67.7
67.0
66.8
66.2
65.2
63.8
62.6
62.2
61.4
60.6
59.9
59.3
58.7
58.1
57.6
60.0
61.6
62.9
63.8
64.3
65.4
66.4
67.3
68.0
67.4
66.7
66.5
66.0
65.4
64.4
63.3
62.9
62.0
61.2
60.5
59.8
59.1
58.5
58.0
60.1
61.4
62.6
63.4
63.9
65.1
66.1
67.0
67.8
67.2
66.6
66.4
65.9
65.6
64.8
63.9
63.1
62.3
61.5
60.7
60.0
59.3
58.7
58.2
60.2
61.3
62.5
63.3
63.8
64.9
66.0
66.9
67.7
67.1
66.5
66.4
65.9
65.6
65.0
64.2
TIME TAIR
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
62.7
61.8
61.1
60.3
59.7
59.1
58.5
58.1
62.5
64.2
65.6
66.2
66.3
67.9
69.1
69.9
70.7
68.8
67.4
67.2
66.3
65.8
64.8
63.8
1.9068
e-02
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
I
0
AA-47
half the pipe spacing 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
F1 F31 F61
60.7
60.8
60.8
60.9
61.0
61.1
61.1
61.3
66.7
68.5
69.9
70.6
70.7
72.7
74.1
75.1
76.1
74.1
72.9
73.0
72.2
72.2
71.8
71.4
DAY 2
71.1
70.8
70.5
70.2
69.9
69.7
69.5
69.4
73.9
75.6
76.9
77.4
77.3
79.1
80.2
81.1
81.9
79.7
78.3
78.2
77.3
77.1
76.6
76.0
60.4
60.7
60.9
60.9
61.0
61.1
61.1
61.2
62.8
64.5
66.0
67.2
68.2
69.2
70.1
71.0
71.8
72.2
72.5
72.9
73.2
72.4
71.4
70.5
69.8
69.4
69.0
68.6
68.4
68.1
67.9
67.7
68.6
70.2
71.5
72.6
73.4
74.3
75.0
75.7
76.4
76.7
76.9
77.1
77.2
76.4
75.1
74.2
60.2
60.3
60.4
60.5
60.6
60.6
60.7
60.8
61.9
63.3
64.6
65.8
66.7
67.8
68.7
69.6
70.5
71.0
71.4
71.8
72.1
71.9
71.2
70.5
69.9
69.5
69.1
68.8
68.5
68.3
68. 1
67.9
68.4
69.6
70.7
71.7
72.5
73.4
74.1
74.9
75.5
75.9
76.1
76.4
76.5
76.2
75.3
74.5
F91 F121
60.1
60.1
60.2
60.2
60.3
60.4
60.4
60.5
61.2
62.1
63.1
64.1
65.0
66.0
67.0
67.9
68.9
69.4
69.9
70.4
70.8
71.0
70.9
70.7
70.4
70.1
69.8
69.5
69.3
69.0
68.8
68.6
68.9
69.5
70.2
71.0
71.6
72.4
73.2
74.0
74.7
75.1
75.4
75.7
75.9
76.0
75.7
75.3
60.1
60.1
60.2
60.2
60.2
60.3
60.3
60.4
61.1
61.7
62.4
63.2
64.0
64.9
65.9
66.9
67.9
68.5
69.0
69.6
70.0
70.4
70.6
70.7
70.6
70.5
70.3
70.1
69.9
69.7
69.5
69.3
69.5
69.8
70.3
70.8
71.3
72.0
72.8
73.5
74.2
74.7
75.0
75.4
75.6
75.8
75.8
75.7
slab thickness = 8.0 inches .
power density 3.0 watts/sq.ft.
pipe radius = .50 inches
daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
60.1
60.1
60.2
60.2
60.2
60.3
60.3
60.4
61.0
61.6
62.2
62.9
63.6
64.6
65.6
66.5
67.5
68.2
68.7
69.3
69.7
70.1
70.5
70.6
70.7
70.6
70.5
70.3
70.1
69.9
69.7
69.5
69.7
70.0
70.3
70.8
71.2
71.9
72.6
73.4
74.1
74.5
74.9
75.3
75.5
75.7
75.9
75.9
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
59.1
59.1
59.1
59.2
59.3
59.3
59.4
59.4
61.5
63.1
64.4
65.5
66.5
67.3
68. 1
68.9
69.6
70.3
70.7
71.0
71.3
69.6
68.5
67.8
67.4
67.0
66.7
66.4
66.2
65.9
65.7
65.6
66.9
68.5
69.7
70.7
71.4
72.1
72.8
73.4
74.0
74.5
74.8
75.0
75.1
73.3
72.1
71.3
59.9
59.9
60.0
60.0
60.1
60.1
60.2
60.3
60.7
61.7
62.8
63.9
64.9
65.8
66.8
67.7
68.6
69.4
70.0
70.5
70.9
70.9
70.6
70.3
70.0
69.7
69.4
69.1
68.9
68.7
68.4
68.2
68.2
68.9
69.7
70.6
71.4
72.1
72.9
73.6
74.3
75.0
75.4
75.7
75.9
75.7
75.3
74.8
60.0
60.1
60.1
60.1
60.2
60.2
60.3
60.3
60.6
61.2
62.0
62.9
63.8
64.7
65.7
66.7
67.6
68.5
69.2
69.7
70.2
70.5
70.6
70.7
70.6
70.5
70.3
70.1
69.9
69.6
69.4
69.2
69.1
69.3
69.8
70.5
71.1
71.8
72.5
73.3
74.0
74.7
75.2
75.5
75.8
75.9
75.9
75.7
60.0
60.1
60.1
60.2
60.2
60.3
60.3
60.4
60.6
61.1
61.8
62.6
63.5
64.4
65.3
66.3
67.3
68.2
68.9
69.5
69.9
70.3
70.5
70.7
70.7
70.6
70.5
70.3
70.1
69.9
69.7
69.5
69.3
69.5
69.9
70.5
71.1
71.7
72.4
73. 1
73.9
74.6
75.1
75.4
75.7
75.9
75.9
75.9
60.7
60.9
61.1
61.2
61.3
61.3
61.4
61.5
64.7
67. 1
69.0
70.2
70.9
72.2
73.3
74.3
75.2
74.7
74.2
74.2
73.9
73.0
71.8
70.9
70.3
69.8
69.4
69.1
68.8
68.5
68.3
68.2
70.5
72.8
74.6
75.7
76.3
77.4
78.4
79.2
79.9
79.3
78.7
78.5
78.1
77.0
75.7
74.7
60.4
60.6
60.7
60.8
60.8
60.9
61.0
61.1
63.9
66.0
67.7
68.8
69.6
70.9
72.1
73.1
74.0
73.6
73.2
73.2
72.9
72.5
71.7
70.9
70.4
69.9
69.5
69.2
68.9
68.7
68.5
68.3
70.3
72.2
73.8
74.9
75.4
76.6
77.6
78.4
79.1
78.6
78.0
77.9
77.4
76.9
75.9
75.0
60.3
60.4
60.5
60.5
60.6
60.7
60.7
60.8
63.3
64.9
66.3
67.3
68.0
69.3
70.5
71.6
72.6
72.2
71.9
72.0
71.8
71.8
71.5
71.1
70.8
70.5
70.2
69.9
69.6
69.4
69.1
69.0
70.7
72.1
73.3
74.2
74.6
75.8
76.7
77.6
78.4
77.9
77.3
77.3
76.9
76.7
76.3
75.8
60.3
60.4
60.4
60.5
60.6
60.6
60.7
60.8
63.2
64.5
65.6
66.5
67.1
68.4
69.6
70.7
71.7
71.4
71.1
71.3
71.1
71.2
71.2
71.2
71.0
70.8
70.6
70.4
70.2
69.9
69.7
69.5
71.3
72.4
73.3
74.0
74.3
75.4
76.3
77.2
78.0
77.5
77.0
77.0
76.7
76.6
76.4
76.2
60.3
60.4
60.4
60.5
60.6
60.6
60.7
60.8
63.1
64.4
65.5
66.3
66.8
68.1
69.3
70.4
71.4
71.1
70.9
71.0
70.9
71.0
71.1
71.1
71.1
71.0
70.8
70.6
70.4
70.2
69.9
69.8
71.5
72.6
73.4
74.0
74.3
75.3
76.2
77.1
77.9
77.4
76.9
76.9
76.6
76.5
76.4
76.3
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
AA-47 DAY 3
half the pipe spacing = 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR F1 F31 F61 F91 F121
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
75.5
75.1
74.6
74.2
73.8
73.5
73.1
72.9
77.9
79.3
80.4
80.7
80.6
82.1
83.2
84.0
84.7
82.5
81.0
80.8
79.8
79.5
78.9
78.3
73.4
72.8
72.3
71.9
71.5
71.1
70.8
70.5
71.8
73.2
74.4
75.4
76.1
76.8
77.5
78.1
78.6
78.8
79.0
79.1
79.2
78.3
77.0
75.9
73.8
73.3
72.8
72.3
72.0
71.6
71.3
71.0
71.7
72.8
73.8
74.7
75.4
76.1
76.8
77.4
78.0
78.3
78.4
78.6
78.7
78.3
77.3
74.9
74.4
74.0
73.6
73.2
72.8
72.5
72.2
72.5
73.0
73.7
74.3
74.9
75.6
76.2
76.9
77.5
77.8
78.0
78.3
78.4
78.4
78.0
75.5
75.3
74.9
74.6
74.2
73.9
73.5
73.2
73.4
73.6
74.0
74.4
74.8
75.4
76.1
76.7
77.3
77.7
77.9
78.2
78.3
78.4
78.4
75.7
75.5
75.2
74.9
74.6
74.2
73.9
73.5
73.8
73.9
74.1
74.5
74.8
75.4
76.0
76.7
77.3
77.6
77.9
78.2
78.3
78.4
78.5
76.5 77.6 78.2 78.4
slab thickness = 8.0 inches pip
power density 3.0 watts/sq.ft.
daytime water temperature = 55.0 (F)
e radius = .50 inches 1 4932
surface heat transfer coefficient =
e-02
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
70.7
70.2
69.8
69.5
69.1
68.8
68.5
68.2
70.0
71.4
72.4
73.3
73.9
74.5
75.1
75.6
76.1
76.6
76.8
77.0
77.0
75.1
73.9
74.4
73.9
73.5
73.1
72.7
72.4
72.0
71.7
71.8
72.4
73.1
73.9
74.6
75.2
75.8
76.5
77.1
77.6
78.0
78.2
78.3
78.1
77.6
75.5
75.2
74.9
74.5
74.2
73.8
73.4
73.1
72.9
73.1
73.5
74.1
74.6
75.2
75.8
76.5
77.1
77.7
78.1
78.3
78.5
78.5
78.4
75.8
75.5
75.2
74.9
74.6
74.2
73.9
73.5
73.3
73.4
73.7
74.2
74.7
75.2
75.8
76.4
77.1
77.7
78.1
78.3
78.5
78.6
78.6
73.9
73.3
72.8
72.4
72.0
71.7
71.3
71.1
74.0
76.1
77.6
78.5
79.0
80.0
80.9
81.6
82.2
81.5
80.8
80.6
80.1
79.0
77.6
74.3
73.8
73.3
72.8
72.4
72.1
71.7
71.4
73.9
75.7
77.0
77.9
78.3
79.3
80.2
81.0
81.7
81.0
80.3
80.1
79.6
79.0
78.0
75.3
74.8
74.4
73.9
73.5
73.2
72.8
72.5
74.6
75.8
76.9
77.5
77.9
78.8
79.8
80.5
81.2
80.6
80.0
79.8
79.4
79.1
78.6
75.9
75.5
75.2
74.8
74.4
74.1
73.7
73.4
75.4
76.3
77.1
77.6
77.8
78.7
79.6
80.4
81.1
80.5
79.9
79.8
79.3
79.2
79.0
76.1
75.8
75.5
75.1
74.7
74.4
74.0
73.7
75.7
76.5
77.2
77.7
77.8
78.7
79.6
80.3
81.0
80.5
79.9
79.8
79.3
79.2
79.0
43.0 73.0 77.0 78.2 78.4 76.6 77.0 78.0 78.6 78.8
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
0
AA-48
half the pipe spacing 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
F1 F31 F61 F91
60.7
60.7
60.8
60.9
61.0
61.0
61.1
61.2
66.3
68.1
69.5
70.3
70.5
72.4
73.8
74.8
75.8
74.0
72.9
72.9
72.2
72.1
71.8
71.4
DAY 2
71.1
70.7
70.4
70.2
69.9
69.7
69.4
69.3
73.5
75.3
76.5
77.1
77.1
78.8
79.9
80.8
81.6
79.6
78.3
78.2
77.3
77.1
76.6
76.0
60.4
60.7
60.9
60.9
61.0
61.1
61.1
61.2
62.7
64.5
66.0
67.2
68. 1
69.1
70.1
70.9
71.7
72.1
72.5
72.9
73.1
72.4
71.3
70.5
69.8
69.3
68.9
68.6
68.3
68.1
67.9
67.7
68.6
70.1
71.5
72.6
73.4
74.2
75.0
75.7
76.3
76.6
76.8
77. 1
77.2
76.3
75. 1
74.2
60.2
60.3
60.4
60.5
60.6
60.6
60.7
60.7
61.8
63.2
64.6
65.7
66.7
67.7
68.7
69.6
70.4
70.9
71.3
71.8
72.1
71.9
71.2
70.5
69.9
69.5
69.1
68.8
68.5
68.3
68.1
67.9
68.4
69.5
70.7
71.6
72.4
73.3
74.1
74.8
75.5
75.8
76. 1
76.3
76.5
76.2
75.3
74.5
60.1
60.1
60.2
60.2
60.3
60.4
60.4,
60.5
61.2
62.0
63.0
64.0
64.9
65.9
66.9
67.9
68.8
69.4
69.9
70.4
70.8
71.0
70.9
70.7
70.4
70.1
69.8
69.5
69.3
69.0
68.8
68.6
68.9
69.4
70.1
70.9
71.6
72.4
73.1
73.9
74.6
75.0
75.4
75.7
75.9
76.0
75.7
75.3
60.1
60.1
60.1
60.2
60.2
60.3
60.3
60.4
61.0
61.6
62.3
63.1
63.9
64.9
65.8
66.8
67.8
68.4
69.0
69.6
70.0
70.4
70.6
70.7
70.6
70.5
70.3
70.1
69.9
69.7
69.5
69.3
69.5
69.8
70.2
70.7
71.2
71.9
72.7
73.4
74.2
74.6
75.0
75.3
75.6
75.8
75.8
75.7
slab thickness = 8.0 inches
power density = 3.0 watts/sq.ft.
pipe radius = .50 inches
daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129F121
60.1
60.1
60. 1
60.2
60.2
60.3
60.3
60.4
61.0
61.5
62. 1
62.8
63.6
64.5
65.5
66.5
67.4
68.1
68.7
69.3
69.7
70.1
70.4
70.6
70.7
70.6
70.5
70.3
70.1
69.9
69.7
69.5
69.7
69.9
70.3
70.7
71.2
71.8
72.6
73.3
74.0
74.5
74.9
75.2
75.5
75.7
75.8
75.9
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
59.1
59.1
59.1
59.2
59.3
59.3
59.4
59.4
61.5
63.1
64.4
65.5
66.5
67.3
68.1
68.9
69.6
70.3
70.7
71.0
71.3
69.6
68.5
67.8
67.4
67.0
66.7
66.4
66.2
65.9
65.7
65.6
66.9
68.5
69.7
70.7
71.4
72.1
72.8
73.4
74.0
74.5
74.8
75.0
75.1
73.3
72.1
71.3
59.9
59.9
60.0
60.0
60. 1
60.1
60.2
60.3
60.7
61.7
62.8
63.9
64.9
65.8
66.8
67.7
68.6
69.4
70.0
70.5
70.9
70.9
70.6
70.3
70.0
69.7
69.4
69.1
68.9
68.7
68.4
68.2
68.2
68.9
69.7
70.6
71.4
72.1
72.9
73.6
74.3
75.0
75.4
75.7
75.9
75.7
75.3
74.8
60.0
60.1
60.1
60.1
60.2
60.2
60.3
60.3
60.6
61.2
62.0
62.9
63.8
64.7
65.7
66.7
67.7
68.5
69.2
69.7
70.2
70.5
70.6
70.7
70.6
70.5
70.3
70.1
69.9
69.6
69.4
69.2
69.1
69.3
69.8
70.5
71.1
71.8
72.5
73.3
74.0
74.7
75.2
75.5
75.8
75.9
75.9
75.7
60.0
60.1
60.1
60.2
60.2
60.3
60.3
60.4
60.6
61.1
61.8
62.6
63.5
64.4
65.3
66.3
67.3
68.2
68.9
69.5
69.9
70.3
70.5
70.7
70.7
70.6
70.5
70.3
70.1
69.9
69.7
69.5
69.3
69.5
69.9
70.5
71.1
71.7
72.4
73.1
73.9
74.6
75.1
75.4
75.7
75.9
75.9
75.9
60.7
60.9
61.1
61.2
61.3
61.3
61.4
61.5
64.8
67.2
69.0
70.2
70.9
72.3
73.4
74.4
75.2
74.7
74.2
74.2
73.9
73.0
71.8
70.9
70.3
69.8
69.4
69. 1
68.8
68.6
68.3
68.2
70.6
72.9
74.6
75.8
76.3
77.5
78.5
79.3
80.0
79.3
7B. 7
78.5
78.1
77.0
75.7
74.7
60.4
60.6
60.7
60.8
60.9
60.9
61.0
61.1
63.9
66.0
67.7
68.9
69.6
71.0
72.1
73.2
74.1
73.6
73.2
73.2
72.9
72.5
71.7
71.0
70.4
69.9
69.6
69.2
69.0
68.7
68.5
68.3
70.4
72.3
73.9
74.9
75.5
76.6
77.6
78.5
79.2
78.6
78.0
77.9
77.5
76.9
75.9
75.1
60.3
60.4
60.5
60.5
60.6
60.7
60.7
60.8
63.4
64.9
66.3
67.4
68.0
69.4
70.6
71.7
72.7
72.3
71.9
72.0
71.8
71.8
71.5
71.2
70.8
70.5
70.2
69.9
69.6
69.4
69.1
69.0
70.8
72.2
73.4
74.2
74.7
75.8
76.8
77.7
78.5
77.9
77.4
77.3
76.9
76.7
76.3
75.8
60.3
60.4
60.4
60.5
60.6
60.6
60.7
60.8
63.2
64.6
65.7
66.6
67.2
68.5
69.7
70.8
71.8
71.5
71.2
71.3
71.1
71.2
71.3
71.2
71.0
70.9
70.6
70.4
70.2
70.0
69.7
69.5
71.3
72.5
73.4
74.1
74.4
75.5
76.4
77.3
78.1
77.6
77.1
77.0
76.7
76.6
76.4
76.2
TW
60.3
60.4
60.5
60.5
60.6
60.6
60.7
60.8
63.2
64.5
65.6
66.4
66.9
68.2
69.4
70.5
71.5
71.2
70.9
71.1
70.9
71.0
71.1
71.2
71.1
71.0
70.8
70.6
70.4
70.2
69.9
69.8
71.5
72.6
73.5
74.1
74.3
75.4
76.3
77.2
78.0
77.5
77.0
76.9
76.6
76.5
76.5
76.3
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
0
AA-48 DAY 3
half the pipe spacing = 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR F1 F31 F61 F91 F121
slab thickness 8.0 inches pip
power density = 3.0 watts/sq.ft.
daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125
e radius = .50 inches 1-7147
surface heat transfer coefficient = e-02
C9 C39 C69 C99 C129 TW
74.0
73.3
72.8
72.4
72.0
71.7
71.3
71.1
74.1
76.2
77.7
78.6
79.0
80.0
80.9
81.7
82.3
81.6
80.9
80.6
80.1
79.0
77.6
74.4
73.8
73.3
72.8
72.4
72.1
71.7
71.5
74.0
75.7
77. 1
78.0
78.4
79.4
80.3
81.1
81.7
81.0
80.4
80.2
79.7
79.0
78.0
75.3
74.8
74.4
73.9
73.6
73.2
72.8
72.5
74.7
75.9
76.9
77.6
78.0
78.9
79.8
80.6
81.3
80.7
80.0
79.9
79.4
79.1
78.6
75.9
75.5
75.2
74.8
74.4
74.1
73.7
73.4
75.4
76.4
77.2
77.7
77.9
78.8
79.7
80.4
81.2
80.5
79.9
79.8
79.4
79.2
79.0
76.1
75.8
75.5
75.1
74.7
74.4
74.0
73.7
75.7
76.6
77.3
77.7
77.9
78.8
79.6
80.4
81.1
80.5
79.9
79.8
79.4
79.2
79.0
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
75.5
75.0
74.6
74.2
73.8
73.4
73.1
72.8
77.6
79.0
80.0
80.4
80.3
81.8
82.9
83.7
84.4
82.3
80.9
80.7
79.8
79.4
78.9
78.3
73.4
72.8
72.3
71.8
71.5
71.1
70.8
70.5
71.7
73.2
74.4
75.3
76.0
76.7
77.4
78.0
78.6
78.8
78.9
79.1
79.2
78.3
77.0
75.9
73.8
73.3
72.8
72.3
71.9
71.6
71.3
70.9
71.7
72.8
73.8
74.6
75.3
76.0
76.7
77.3
77.9
78.2
78.4
78.6
78.7
78.2
77.3
76.5
74.8
74.4
74.0
73.6
73.2
72.8
72.5
72.2
72.5
73.0
73.6
74.2
74.8
75.5
76.2
76.8
77.5
77.8
78.0
78.2
78.4
78.4
78.0
77.5
75.5
75.2
74.9
74.6
74.2
73.9
73.5
73.2
73.4
73.6
73.9
74.3
74.7
75.3
76.0
76.6
77.3
77.6
77.9
78.2
78.3
78.4
78.4
78.2
75.7
75.5
75.2
74.9
74.6
74.2
73.9
73.5
73.7
73.8
74. I
74.4
74.8
75.3
75.9
76.6
77.2
77.6
77.8
78.1
78.3
78.4
78.5
78.4
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
70.7
. 70.2
69.8
69.5
69.1
68.8
68.5
68.2
70.0
71.4
72.4
73.3
73.9
74.5
75.1
75.6
76.1
76.6
76.8
77.0
77.0
75. 1
73.9
73.0
74.4
73.9
73.5
73.1
72.7
72.4
72.0
71.7
71.8
72.4
73. 1
73.9
74.6
75.2
75.8
76.5
77.1
77.6
78.0
78.2
78.3
78. 1
77.6
77.0
75.5
75.2
74.9
74.5
74.2
73.8
73.4
73. 1
72.9
73. 1
73.5
74.1
74.6
75.2
75.8
76.5
77.1
77.7
78.1
78.3
78.5
78.5
78.4
78.2
75.8
75.5
75.2
74.9
74.6
74.2
73.9
73.5
73.3
73.4
73.7
74.2
74.7
75.2
75.8
76.4
77.1
77.7
78.1
78.3
78.5
78.6
78.6
78.4 76.6 77.0 78.0 78.6 78.8
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
00'N
AA-49
half the pipe spacing = 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
slab thickness 8.0 inches pipe radius = .50 inches
power density = 3.0 watts/sq.ft.
daytime water temperature = 55.0 (F)
F1 F31 F61 F91 F121 M5 M35 M65 M95 M125 C9 C39 C69 C99 C129
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
60.6
60.7
60.8
60.9
60.9
61.0
61.1
61.2
66.0
67.8
69.3
70.0
70.3
72. 1
73.5
74.5
75.5
73.9
72.8
72.9
72.2
72.1
71.8
71.4
DAY 2
71.0
70.7
70.4
70.1
69.9
69.6
69.4
69.3
73.2
75.0
76.3
76.9
76.9
78.5
79.6
80.5
81.3
79.5
78.2
78.1
77.3
77.0
76.5
76.0
60.4
60.7
60.8
60.9
61.0
61.1
61.1
61.2
62.7
64.4
65.9
67.1
68.1
69.1
70.0
70.8
71.6
72.1
72.5
72.9
73.1
72.4
71.3
70.5
69.8
69.3
68.9
68.6
68.3
68.1
67.9
67.7
68.5
70.1
71.4
72.5
73.3
74.2
74.9
75.6
76.2
76.6
76.8
77.0
77.2
76.3
75.1
60.2
60.3
60.4
60.5
60.6
60.6
60.7
60.7
61.8
63.2
64.5
65.7
66.6
67.7
68.6
69.5
70.4
70.9
71.3
71.7
72.0
71.8
71.1
70.5
69.9
69.5
69. 1
68.8
68.5
68.3
68.0
67.8
68.3
69.5
70.6
71.6
72.4
73.2
74.0
74.7
75.4
75.8
76.0
76.3
76.5
76.1
75.3
60.1
60.1
60.2
60.2
60.3
60.3
60.4
60.5
61.1
62.0
63.0
64.0
64.9
65.9
66.9
67.8
68.7
69.4
69.9
70.4
70.8
71.0
70.9
70.7
70.4
70.1
69.8
69.5
69.3
69.0
68.8
68.6
68.8
69.4
70. I
70.8
71.5
72.3
73.1
73.8
74.6
75.0
75.3
75.7
75.9
75.9
75.7
74.1 74.5 75.3 75.7 75.8
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
59.1
59.1
59.1
59.2
59.3
59.3
59.4
59.4
61.5
63. i
64.4
65.5
66.5
67.3
68.1
68.9
69.6
70.3
70.7
71.0
71.3
69.6
68.5
67.8
59.9
59.9
60.0
60.0
60.1
60.1
60.2
60.3
60.7
61.7
62.8
63.9
64.9
65.8
66.8
67.7
68.6
69.4
70.0
70.5
70.9
70.9
70.6
70.3
60.0
60.1
60.1
60.1
60.2
60.2
60.3
60.3
60.6
61.2
62.0
62.9
63.8
64.7
65.7
66.7
67.7
68.5
69.2
69.8
70.2
70.5
70.6
70.7
60.0
60.1
60.1
60.2
60.2
60.3
60.3
60.4
60.6
61.1
61.8
62.6
63.5
64.4
65.3
66.3
67.3
68.2
68.9
69.5
69.9
70.3
70.5
70.7
60.1
60.1
60.1
60.2
60.2
60.3
60.3
60.4
61.0
61.6
62.3
63.1
63.9
64.8
65.8
66.8
67.7
68.4
69.0
69.5
70.0
70.4
70.6
70.7
70.6
70.5
70.3
70. 1
69.9
69.7
69.5
69.2
69.4
69.7
70.1
70.7
71.2
71.9
72.6
73.4
74.1
74.6
74.9
75.3
75.6
75.8
75.8
TIME TAIR
TW
60. 1
60.1
60.1
60.2
60.2
60.3
60.3
60.4
61.0
61.5
62.1
62.8
63.5
64.5
65.4
66.4
67.4
68.1
68.7
69.3
69.7
70.1
70.4
70.6
70.7
70.6
70.5
70.3
70.1
69.9
69.7
69.5
69.7
69.9
70.2
70.6
71.1
71.8
72.5
73.2
74.0
74.4
74.8
75.2
75.5
75.7
75.8
43.0 67.4 70.0 70.6 70.7
43.0 67.0 69.7 70.5 70.6
43.0 66.7 69.4 70.3 70.5
43.0 66.4 69.1 70.1 70.3
43.0 66.2 68.9 69.9 70.1
43.0 65.9 68.7 69.6 69.9
43.0 65.7 68.4 69.4 69.7
43.0 65.6 68.2 69.2 69.5
55.0 66.9 68.2 69.1 69.3
55.0 68.5 68.9 69.3 69.5
55.0 69.7 69.7 69.8 69.9
55.0 70.7 70.6 70.5 70.5
55.0 71.4 71.4 71.1 71.1
55.0 72.1 72.1 71.8 71.7
55.0 72.8 72.9 72.5 72.4
55.0 73.4 73.6 73.3 73.1
55.0 74.0 74.3 74.0 73.9
55.0 74.5 75.0 74.7 74.6
55.0 74.8 75.4 75.2 75.1
55.0 75.0 75.7 75.5 75.4
55.0 75.1 75.9 75.8 75.7
43.0 73.3 75.7 75.9 75.9
43.0 72.1 75.3 75.9 75.9
43.0 71.3 74.8 75.7 75.9
60.7
60.9
61.1
61.2
61.3
61.3
61.4
61.5
64.8
67.2
69. 1
70.3
71.0
72.3
73.4
74.4
75.3
74.8
74.2
74.2
73.9
73.0
71.8
70.9
70.3
69.8
69.4
69.1
68.8
68.6
68.3
68.2
70.6
73.0
74.7
75.8
76.4
77.5
78.5
79.3
80.0
79.4
78.7
78.6
78.1
77.0
75.7
74.7
60.4
60.6
60.7
60.8
60.9
60.9
61.0
61.1
64.0
66.1
67.8
68.9
69.7
71.0
72.2
73.2
74. 1
73.7
73.2
73.2
72.9
72.5
71.7
71.0
70.4
69.9
69.6
69.2
69.0
68.7
68.5
68.3
70.4
72.4
73.9
75.0
75.5
76.7
77.7
78.5
79.3
78.7
78.0
77.9
77.5
76.9
75.9
75.1
60.3
60.4
60.5
60.6
60.6
60.7
60.7
60.8
63.4
65.0
66.4
67.4
68.1
69.5
70.7
71.7
72.7
72.3
71.9
72.0
71.8
71.8
71.5
71.2
70.8
70.5
70.2
69.9
69.6
69.4
69.1
69.0
70.8
72.2
73.4
74.3
74.7
75.9
76.9
77.7
78.5
78.0
77.4
77.3
76.9
76.7
76.3
75.8
60.3
60.4
60.5
60.5
60.6
60.6
60.7
60.8
63.3
64.6
65.8
66.6
67.2
68.5
69.8
70.8
71.9
71.5
71.2
71.3
71.2
71.2
71.3
71.2
71.0
70.9
70.6
70.4
70.2
70.0
69.7
69.5
71.3
72.5
73.5
74.1
74.4
75.5
76.5
77.3
78.2
77.6
77.1
77.1
76.7
76.6
76.4
76.2
60.3
60.4
60.5
60.5
60.6
60.6
60.7
60.8
63.2
64.5
65.6
66.4
67.0
68.3
69.5
70.5
71.6
71.2
70.9
71.1
70.9
71.0
71.1
71.2
71.1
71.0
70.8
70.6
70.4
70.2
69.9
69.8
71.5
72.7
73.5
74.1
74.4
75.4
76.4
77.2
78.0
77.5
77.0
77.0
76.6
76.5
76.5
76.3
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
0
AA-49 DAY 3
half the pipe spacing = 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR F1 F31 F61 F91 F121
slab thickness = 8.0 inches pip
power density = 3.0 watts/sq.ft.
daytime water temperature = 55.0 (F)
e radius = .50
surface heat
inches 1 9290
transfer coefficient
e-02
M5 M35 M65 M95 M125 C9 C39 C69 C99 C129 TW
70.7
70.2
69.8
69.5
69.1
68.8
68.5
68.3
70.0
71.4
72.4
73.3
73.9
74.5
75.1
75.6
76.2
76.6
76.8
77.0
77.0
75. 1
73.9
74.4
73.9
73.5
73.1
72.7
72.4
72.0
71.7
71.8
72.4
73.1
73.9
74.6
75.2
75.8
76.5
77.1
77.6
78.0
78.2
78.3
78.1
77.6
75.5
75.2
74.9
74.5
74.1
73.8
73.4
73.1
72.9
73.1
73.5
74.1
74.6
75.2
75.8
76.5
77.1
77.7
78.1
78.3
78.5
78.5
78.4
75.8
75.5
75.2
74.9
74.6
74.2
73.8
73.5
73.3
73.4
73.7
74.2
74.7
75.2
75.8
76.4
77.1
77.7
78.1
78.3
78.5
78.6
78.6
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
74.0
73.4
72.9
72.4
72.0
71.7
71.4
71.1
74.1
76.2
77.7
78.7
79.1
80.1
81.0
81.7
82.4
81.6
80.9
80.7
80.1
79.0
77.6
74.4
73.8
73.3
72.8
72.4
72.1
71.7
71.5
74.0
75.8
77.2
78.0
78.4
79.4
80.4
81.1
81.8
81.1
80.4
80.2
79.7
79.0
78.0
75.3
74.8
74.4
74.0
73.6
73.2
72.8
72.5
74.7
75.9
77.0
77.7
78.0
79.0
79.9
80.7
81.4
80.7
80.1
79.9
79.4
79.1
78.6
75.9
75.5
75.2
74.8
74.4
74.1
73.7
73.4
75.5
76.4
77.2
77.7
77.9
78.8
79.7
80.5
81.2
80.6
80.0
79.8
79.4
79.2
79.0
76.1
75.8
75.5
75.1
74.7
74.4
74.0
73.7
75.8
76.7
77.4
77.8
78.0
78.8
79.7
80.5
81.2
80.5
79.9
79.8
79.4
79.2
79.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
75.5
75.0
74.6
74.2
73.8
73.4
73.1
72.8
77.3
78.7
79.8
80.2
80.2
81.5
82.7
83.4
84.1
82.2
80.9
80.7
79.8
79.4
78.9
78.2
73.4
72.8
72.3
71.8
71.5
71.1
70.8
70.5
71.7
73.1
74.3
75.3
76.0
76.7
77-3
77.9
78.5
78.8
78.9
79.1
79.1
78.2
77.0
75.9
73.8
73.3
72.8
72.3
71.9
71.6
71.2
70.9
71.6
72.7
73.7
74.6
75.3
76.0
76.7
77.3
77.9
78.2
78.4
78.6
78.6
78.2
77.3
76.5
74.8
74.4
74.0
73.6
73.2
72.8
72.5
72.1
72.4
72.9
73.6
74.2
74.8
75.4
76.1
76.8
77.4
77.7
78.0
78.2
78.3
78.3
78.0
77.5
75.5
75.2
74.9
74.6
74.2
73.9
73.5
73.1
73.3
73.5
73.9
74.3
74.7
75.3
75.9
76.6
77.2
77.6
77.8
78. 1
78.3
78.4
78.4
78.2
75.7
75.5
75.2
74.9
74.6
74.2
73.9
73.5
73.7
73.8
74.0
74.3
74.7
75.3
75.9
76.5
77.2
77.5
77.8
78. 1
78.3
78.4
78.5
78.4
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0 73.0 77.0 78.2 78.4 76.6 77.1 78.0 78.6 78.8 43.0
I
oo0
00
AA-50
half the pipe spacing 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR F1 F31 F61 F91 F121
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
60.6
60.7
60.8
60.9
60.9
61.0
61.0
61.2
65.8
67.6
69.1
69.9
70.2
71.9
73.3
74.3
75.3
73.8
72.8
72.8
72.2
72.1
71.8
71.4
DAY 2
71.0
70.7
70.4
70.1
69.9
69.6
69.4
69.3
73.0
74.8
76.0
76.7
76.8
78.3
79.4
80.3
81.1
79.4
78.2
78.1
77.3
77.0
76.5
76.0
60.4
60.7
60.8
60.9
61.0
61.1
61.1
61.2
62.7
64.4
65.9
67.1
68.1
69.1
70.0
70.8
71.6
72.1
72.5
72.8
73.1
72.4
71.3
70.5
69.8
69.3
68.9
68.6
68.3
68.1
67.9
67.7
68.5
70.1
71.4
72.5
73.3
74. 1
74.9
75.6
76.2
76.5
76.8
77.0
77.2
76.3
75.1
74.1
60.2
60.3
60.4
60.5
60.6
60.6
60.7
60.7
61.8
63.2
64.5
65.6
66.6
67.6
68.6
69.5
70.3
70.9
71.3
71.7
72.0
71.8
71.1
70.5
69.9
69.5
69.1
68.8
68.5
68.3
68.0
67.8
68.3
69.4
70.6
71.6
72.4
73.2
74.0
74.7
75.4
75.7
76.0
76.3
76.5
76.1
75.3
74.5
60.1
60.1
60.2
60.2
60.3
60.3
60.4
60.5
61.1
62.0
62.9
63.9
64.8
65.8
66.8
67.8
68.7
69.3
69.8
70.4
70.7
71.0
70.9
70.7
70.4
70.1
69.8
69.5
69.3
69.0
68.8
68.6
68.8
69.3
70.1
70.8
71.5
72.3
73.1
73.8
74.5
75.0
75.3
75.6
75.9
75.9
75.7
75.3
60.1
60.1
60.1
60.2
60.2
60.3
60.3
60.4
61.0
61.5
62.2
63.0
63.8
64.8
65.8
66.7
67.7
68.4
68.9
69.5
70.0
70.3
70.6
70.7
70.6
70.5
70.3
70.1
69.9
69.7
69.5
69.2
69.4
69.7
70.1
70.6
71.1
71.9
72.6
73.3
74.1
74.5
74.9
75.3
75.6
75.8
75.8
75.7
60.1
60.1
60.1
60.2
60.2
60.3
60.3
60.4
60.9
61.4
62.1
62.8
63.5
64.4
65.4
66.4
67.3
68.0
68.6
69.2
69.7
70.1
70.4
70.6
70.7
70.6
70.5
70.3
70.1
69.9
69.7
69.5
69.7
69.9
70.2
70.6
71.1
71.7
72.5
73.2
73.9
74.4
74.8
75.2
75.5
75.7
75.8
75.8
slab thickness = 8.0 inches
power density = 3.0 watts/sq.ft.
pipe radius = .50 inches
daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
59.1
59.1
59.1
59.2
59.3
59.3
59.4
59.4
61.5
63.1
64.4
65.5
66.5
67.3
68.1
68.9
69.6
70.3
70.7
71.0
71.3
69.6
68.5
67.8
67.4
67.0
66.7
66.4
66.2
65.9
65.7
65.6
66.9
68.5
69.7
70.7
71.5
72.1
72.8
73.4
74.0
74.5
74.8
75.0
75.1
73.3
72.1
71.3
59.9
59.9
60.0
60.0
60.1
60.1
60.2
60.3
60.7
61.7
62.8
63.9
64.9
65.8
66.8
67.7
68.6
69.4
70.0
70.5
70.9
70.9
70.6
70.3
70.0
69.7
69.4
69.1
68.9
68.7
68.4
68.2
68.2
68.9
69.7
70.6
71.4
72.1
72.9
73.6
74.3
75.0
75.4
75.7
75.9
75.7
75.3
74.8
60.0
60.1
60.1
60.1
60.2
60.2
60.3
60.3
60.6
61.2
62.0
62.9
63.8
64.7
65.7
66.7
67.7
68.5
69.2
69.8
70.2
70.5
70.6
70.7
70.6
70.5
70.3
70.1
69.9
69.6
69.4
69.2
69.1
69.3
69.8
70.5
71.1
71.8
72.5
73.3
74.0
74.7
75.2
75.5
75.8
75.9
75.9
75.7
60.0
60.1
60.1
60.2
60.2
60.3
60.3
60.4
60.6
61.1
61.8
62.6
63.5
64.4
65.3
66.3
67.3
68.2
68.9
69.5
69.9
70.3
70.5
70.7
70.7
70.6
70.5
70.3
70.1
69.9
69.7
69.5
69.3
69.5
69.9
70.5
71.1
71.7
72.4
73.1
73.9
74.6
75.1
75.4
75.7
75.9
75.9
75.9
C9 C39 C69 C99 C129 TW
60.7
60.9
61.1
61.2
61.3
61.3
61.4
61.5
64.9
67.3
69.1
70.3
71.0
72.3
73.5
74.4
75.3
74.8
74.3
74.2
73.9
73.0
71.8
71.0
70.3
69.8
69.4
69.1
68.8
68.6
68.4
68.2
70.6
73.0
74.7
75.9
76.4
77.6
78.5
79.4
80.1
79.4
78.7
78.6
78.1
77.0
75.8
74.7
60.4
60.6
60.7
60.8
60.9
60.9
61.0
61.1
64.0
66.1
67.8
69.0
69.7
71.1
72.2
73.2
74.2
73.7
73.2
73.2
72.9
72.5
71.7
71.0
70.4
69.9
69.6
69.3
69.0
68.7
68.5
68.3
70.4
72.4
74.0
75.0
75.6
76.7
77.7
78.6
79.3
78.7
78.0
77.9
77.5
76.9
75.9
75.1
60.4
60.4
60.5
60.6
60.6
60.7
60.7
60.8
63.4
65.0
66.4
67.5
68.1
69.5
70.7
71.8
72.8
72.4
72.0
72.1
71.8
71.8
71.5
71.2
70.8
70.5
70.2
69.9
69.6
69.4
69.1
69.0
70.8
72.3
73.5
74.3
74.8
75.9
76.9
77.8
78.6
78.0
77.4
77.3
76.9
76.7
76.3
75.8
60.3
60.4
60.5
60.5
60.6
60.6
60.7
60.8
63.3
64.6
65.8
66.7
67.3
68.6
69.8
70.9
71.9
71.6
71.2
71.4
71.2
71.3
71.3
71.2
71.0
70.9
70.6
70.4
70.2
70.0
69.7
69.5
71.4
72.6
73.5
74.2
74.5
75.6
76.5
77.4
78.2
77.7
77.1
77.1
76.7
76.6
76.5
76.2
60.3
60.4
60.5
60.5
60.6
60.6
60.7
60.8
63.3
64.6
65.7
66.5
67.0
68.3
69.5
70.6
71.6
71.3
71.0
71.1
71.0
71.1
71.2
71.2
71.1
71.0
70.8
70.6
70.4
70.2
69.9
69.8
71.6
72.7
73.6
74.2
74.4
75.5
76.4
77.3
78.1
77.5
77.0
77.0
76.6
76.6
76.5
76.3
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
0
half the pipe spacing = 9.0 inches
location of pipe = 5 (2 - 8)
nighttime water temperature = 43.0 (F)
TIME TAIR F1 F31 F61 F91
75.5
75.0
74.6
74.2
73.8
73.4
73.0
72.8
77.0
78.5
79.6
80.0
80.0
81.3
82.4
83.2
83.9
82.1
80.8
80.6
79.8
79.4
78.8
78.2
73.4
72.8
72.3
71.8
71.4
71.1
70.8
70.5
71.7
73.1
74.3
75.2
75.9
76.6
77.3
77.9
78.5
78.7
78.9
79.1
79.1
78.2
77.0
75.9
73.8
73.2
72.8
72.3
71.9
71.6
71.2
70.9
71.6
72.7
73.7
74.5
75.2
75.9
76.6
77.2
77.8
78. 1
78.3
78.5
78.6
78.2
77.3
76.4
74.8
74.4
74.0
73.6
73.2
72.8
72.5
72. 1
72.4
72.9
73.5
74.2
74.7
75.4
76.1
76.7
77.4
77.7
78.0
78.2
78.3
78.3
78.0
77.5
75.5
75.2
74.9
74.6
74.2
73.9
73.5
73.1
73.3
73.5
73.8
74.2
74.7
75.3
75.9
76.5
77.2
77.5
77.8
78.1
78.3
78.4
78.4
78.2
F 121
75.7
75.5
75.2
74.9
74.6
74.2
73.9
73.5
73.7
73.8
74.0
74.3
74.7
75.2
75.9
76.5
77.1
77.5
77.8
78.1
78.3
78.4
78.5
78.4
slab thickness = 8.0 inches pip
power density 3.0 watts/sq.ft.
daytime water temperature = 55.0 (F)
M5 M35 M65 M95 M125 C9
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.0
70.7
70.2
69.8
69.5
69.1
68.8
68.5
68.3
70.0
71.4
72.4
73.3
73.9
74.5
75.1
75.6
76.2
76.6
76.8
77.0
77.0
75.1
73.9
73.0
74.4
73.9
73.5
73.1
72.7
72.4
72.0
71.7
71.8
72.4
73.1
73.9
74.6
75.2
75.8
76.5
77.1
77.6
78.0
78.2
78.3
78.1
77.6
77.0
75.5
75.2
74.9
74.5
74.1
73.8
73.4
73.1
72.9
73.1
73.5
74.1
74.6
75.2
75.8
76.5
77.1
77.7
78.1
78.3
78.5
78.5
78.4
75.8
75.5
75.2
74.9
74.6
74.2
73.8
73.5
73.3
73.4
73.7
74.2
74.7
75.2
75.8
76.4
77.1
77.7
78.1
78.3
78.5
78.6
78.6
49.0
50.0
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58.0
59.0
60.0
61.0
62.0
63.0
64.0
65.0
66.0
67.0
68.0
69.0
70.0
71.0
72.0
74.0
73.4
72.9
72.4
72.0
71.7
71.4
71.1
74.2
76.2
77.8
78.7
79.1
80.1
81.0
81.8
82.4
81.6
80.9
80.7
80.1
79.0
77.7
e radius = .50 inches
surface heat transfer coefficient =
C39 C69 C99 C129
74.4
73.8
73.3
72.9
72.5
72. 1
71.8
71.5
74. 1
75.8
77.2
78. 1
78.5
79.5
80.4
81.2
81.8
81.1
80.4
80.2
79.7
79.0
78.0
75.3
74.8
74.4
74.0
73.6
73.2
72.8
72.5
74.7
76.0
77.0
77.7
78.0
79.0
79.9
80.7
81.4
80.7
80.1
79.9
79.4
79. 1
78.6
75.9
75.6
75.2
74.8
74.4
74.1
73.7
73.4
75.5
76.5
77.3
77.8
78.0
78.9
79.8
80.5
81.3
80.6
80.0
79.8
79.4
79.2
79.0
76.1
75.8
75.5
75.1
74.7
74.4
74.0
73.7
75.8
76.7
77.4
77.8
78.0
78.9
79.7
80.5
81.2
80.6
80.0
79.8
79.4
79.2
79.0
76.6 77.1 78.0 78.6 78.8
TW
43.0
43.0
43.0
43.0
43.0
43.0
43.0
43.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
43.0
43.0
43.078.2 78.4
2.1410
e-02
I1
AA-50 DAY 3
-211-
>user dir dir>CoolMass>Mathis>coolaid.fortran AA-51
The Program
dimension a(130,130).b(130),t(130),ipvt(130),abd(58,130)
double precision abd,b,ipvt
character*32filename
write(6,1)
I format(lx,'enter the half-length between pipes(inches)')
read(5,2)xlngt
2 format(v)
write(6,3)
3 format(ix,'enter the width of the slab(inches)')
read(5,2)ylngt
write(6,4)
4 format(ix,'enter the radius of the pipe(inches)')
read(5,2)rad
write(6,5)
5 format(ix,'enter the location of the pipe(2-8)')
read(5,2)nl
write(6,6)
6 format(*1x,'enter the initial room air temperature(F)')
read(5,2)tra
write(6,7)
7 format(lx,'enter the initial block temperature(F)')
read(5,2)tbl
write(6,8)
8 format(1x,'enter the length of the run(hours)')
read(5,2)tfin
write(6,9)
9 format(lx,'enter the maximum heat flux (watts/sq.ft.)')
read(5,2)watts
write(6,12)
12 format(lx,'enter the output file name')
read(5,2)filename
write(6,15)
15 format(1x,'enter the nighttime chilled water temperature (F)')
read(5,2)twn
write(6,16)
16 format(ix,'enter the daytime chilled water temperature (F)')
read(5,2)twd
open( 10, mode= "out", form= "formatted",f ile=f ilename)
write(10,179)filename
179 format(/,/,/,10x,a9)
write(10,181)xlngt,ylngt,rad
181 format(IOx,'half the pipe spacing = ',f4.1,' inches',6x,
& 'slab thickness = ',f3.1,' inches',6x,'pipe radius = ',f3.2,' inches')
write(10,182)nl,watts
182 format(1Ox,'location of pipe = ',12,' (2 - 8)',12x,'power density -
& f3.1,' watts/sq.ft.')
write(10,183)twn,twd
183 format(1Ox,'nighttime water temperature = ',f4.1,' (F)',3x,'daytime
& water temperature = ',f4.1,' (F)')
write(10,184)
184 format(/,3x,' TIME TAIR F1 F31 F61 F91 F121 M5 M35
& M65 M95 M125 C9 C39 C69 C99 C129 TW',/)
write(6,17)
17 format(1x,'TIME TAIR SLAB TEMPERATURES')
write(6,18)
18 format(15x,'* FLOOR SURFACE * MIDPLANE * CEILING SURFACE *')
write(6,19)
19 format(15x,' (01) (61) (121) (05) (65) (125) (09) (69) (129)')
time=0.0
tim=0.0
-212-
qmax=watts*3.4143/144
hu=2.58158e-03
hd=1.13843e-02
denc=6.71296e-02
cpc=0.21
conc=3.4722e-02
dena=4.4155e-05
cpa=0.24
ttp=1.0
dt=0.25
ara=102.0
doi0j=1,121,10
k=j+8
dol0i=j,k
10 t(i)=tbl
dol4i=10,130,10
14 t(i)=tra
dx=xlngt/12.0
dy=ylngt/8.0
aa=denc*dx*dy*cpc/dt
bb=-conc*dx/dy
cc=-conc*dy/dx
aaa=aa-2.0*bb-2.O*cc
dd=-hu*dx
ee=-hd*dx
ff=dena*cpa*dx*ara/dt
do20j=12,112,10
k=j+6
do20i=j,k
a(i,i)=aaa
a(i,1-1)=bb
a(i,i+1)=bb
a(ii-10)=cc
20 a(i,i+10)=cc
a(121,121)=aaa/4-dd/2.0
a(121,111)=cc/2.0
a(121,122)=bb/2.0
a(121,130)=dd/2.0
a(1,1)=a(121,121)
a(1,2)=a(121,122)
a(1,11)=a(121,111)
a(1,10)=a(121,130)
a(9,9)=aaa/4.0-ee/2.0
a(9,8)=a(121,122)
a(9,19)=a(121,111)
a(9,10)=ee/2.0
a(129,129)=a(9,9)
a(129,128)=a(121,122)
a(129,119)=a(121,111)
a(129,130)=a(9,10)
do30i=122,128
a(ii)=aaa/2.0
a(i,i-I)=a(121,122)
a(i,i+1)=a(121,122)
30 a(ii-10)=cc
do40i=2,8
a(i,i)=aaa/2.0
a(i,1-1)=a(121,122)
a(i,i+1)=a(121,122)
40 a(i,i+10)=cc
-213-
do5Oi=iliil,10
a(ii)=aaa/2.0-dd
a(ii-10)=a(121,111)
a(ii+10)=a(121,111)
a(ii+i)=bb
50 a(ii+9)=dd
do601=19,il9,10
a(ii)=aaa/2.0-ee
a(i.i-10)=a(i2liii)
a(ii+10)=a(121,iil)
a(ii-l)=bb
60 a(ii+l)=ee
a(10,10)=(ff-dd-ee)/2.0
a(130,130)=a(10,iO)
do62i=20,120,iO
a(ii)=ff-dd-ee
a(ii-l)=ee
62 a(ii-9)=dd
a(10,1)=a(liO)
a(130.121)=a(1,10)
a(10,9)=a(9,10)
a(l30,i29)=a(9,10)
a(nlnl+10)=O.O
if(rad-dy)80,90,90
so a(nlnl)=l
a(nlnl+l)=O.O
a(nlnl-i)=O.O
ynum=0.0
a(nl-inl)=-conc*dx/((dy-rad)*2.0)
a(nl+lnl)=a(nl-lnl)
go to 100
90 a(nl nl )=I.O
a(nlnl+i)=O.O
a(nlnl-l)=O.O
if(nl.eq.2)a(1,10)=O.O
if(nl.eq.S)a(9,10)=O.O
if(nl.le.2)go to 91
a(nl-lnl-2)=O.O
91 a(nl-lnl+9)=O.O
a(nl-lnl)=O.O
if(nl.ge.S)go to 92
a(nl+lnl+2)=O.O
92 a(nl+lnl+ii)=O.O
a(nl+inl)=O.O
ynum=i.0
a(nl-lnl-i)=I.O
a(nl+inl+i)=I.O
100 nnod=O
if(rad-4.0*dx)lilllOllO
110 a(nl+40,nl+40)=I.O
a(nl+40,nl+50)=O.O
a(nl+40,nl+30)=O.O
a(nl+40,nl+39)=O.O
a(nl+40,nl+41)=O.O
nnod=nnod+l
lil if(rad-3.0*dx)114,il3,il2
112 dist3=dy-sqrt(rad*rad-9.0*dx*dx)
a(nl+29,nl+30)=-conc*dx/dist3
a(nl+31.nl+30)=a(nl+29,nl+30)
nnod=nnod+i
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113 a(nl+30,nl+20)=0.0
a(nl+30,nl+30)=1.0
a(nl+30,nl+40)=0.0
a(nl+30,nl+31)=0.0
a(nl+30,nl+29)=O.O
nnod=nnod+i
114 if(rad-2.0*dx)117,116,115
115 dist2=dy-sqrt(rad*rad-4.O*dx*dx)
a(nl+21,nl+20)=-conc*dx/dist2
a(nl+19,nl+20)=a(nl+21,nl+20)
nnod=nnod+1
116 nnod=nnod+1
a(nl+20,nl+20)=1.0
a(nl+20,nl+30)=0.0
a(nl+20,nl+10)=O.O
a(nl+20,nl+19)=0.O
a(nl+20,nl+21)=0.0
117 if(rad-dx)120,119,118
118 dist=dy-sqrt(rad*rad-dx*dx)
a(nl+9,nl+10)=-conc*dx/dist
a(nl+11,nl+10)=a(nl+9,nl+10)
nnod=nnod+i
119 nnod=nnod+1
a(nl+10,nl+10)=1.0
a(nl+10,nl+20)=0.0
a(nl+10,nl)=0.0
a(nl+10,nl+1i)=0.0
a(nl+10,nl+9)=0.0
if(nnod-1)121,122,123
121 a(nl+10,nl)=-conc*dy/(dx-rad)
122 go to 120
123 if(nnod-3)124,125,126
124 a(nl+20,nl+10)=-conc*dy/(2*dx-rad)
125 go to 120
126 if(nnod-5)127,128,129
127 a(nl+30,nl+20)=-conc*dy/(3*dx-rad)
128 go to 120
129 if(nnod-7)130,120,120
130 a(nl+40,nl+30)=-conc*dy/(4*dx-rad)
120 continue
m12=39
do300j =1, 130
i12=j-19
if(i12.lt.1)ii2=1
i13=j+19
if(i13.gt.130)i13=130
do3OOi=i12,ii3
k=i-j+m12
abd(k,j)=a(i,j)
300 continue
call dgbfa(abd,58,130,19,19,ipvt,info)
131 continue
doi51j=12,112,10
k=j+6
do151i=j,k
151 b(i)=aa*t(i)
do400i=2,8
400 b(i)=aa/2.0*t(i)
do152i=122,128
152 b(i)=aa/2.0*t(i)
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b(121)=aa/4.0*t(121)
b(1)=aa/4.0*t(1)
b(9)=aa/4.0*t(9)
b(129)=aa/4.0*t(129)
do153i=11,111,10
153 b(i)=aa/2.0*t(i)
do154i=19,119,10
154 b(i)=aa/2.0*t(i)
tiq=time/24.0
timer=24.0*(tiq-int(tiq))
if(timer.ge.O.and.timer.it.7)per=0.08
if(timer.ge.7.and.timer.it.8)per=0.10
if (timer. ge.8. and. timer. lt.11 i)per= 1.0O
if(timer.ge.11.and.timer.it.12)per=0.90
if(timer.ge.12.and.timer.it.13)per=0.75
if(timer.ge.13.and.timer.it.14)per=0.95
if(timer.ge.14.and.timer.it.17)per=1.00
if(timer.ge.17.and.timer.lt.18)per=0.50
if(timer.ge.18.and.timer.it.20)per=0.25
if(timer.ge.20.and.timer.le.24)per=0.08
sum=0.0
do2lOi=20,120,10
210 sum=sum+t(i)
sum=sum+t(10)/2.0+t(130)/2.0
tavg=sum/12.0
b(10)=(ff*tavg+per*qmax*dx)/2.0
b(130)=b(10)
do211i=20,120,10
211 b(i)=ff*tavg+per*qmax*dx
if(timer.ge.O.and.timer.it.8)tw=twn
if(timer.ge.8.and.timer.it.21)tw=twd
if(timer.ge.21.and.timer.le.24)tw=twn
b(nl)=tw
if(ynum)167,167,166
166 b(nl-1)=tw
b(nl+1)=tw
167 if(nnod.lt.7)go to 200
b(nl+40)=tw
200 if(nnod.1t.5)go to 201
b(nl+30)=tw
201 if(nnod.it.3)go to 202
b(nl+20)=tw
202 if(nnod.it.1)go to 170
b(nl+10)=tw
170 continue
call dgbsl(abd,58,130,19,19,ipvtb,0)
do18Oi=1,130
180 t(i)=b(i)
time=time+dt
tim=tim+dt
if(tim.lt.ttp)go to 131
tim=0.0
write(10,190)time,tavg,t(1),t(31),t(61),t(91),t(121),t(5),t(35),t(65),
& t(95),t(125),t(9),t(39),t(69), t(99),t(129), tw
190 format(4x,f4.1,f6.1,2x,5f6.1,2x,5f6.1,2x,5f6.1,f8.1)
if(time.eq.24)write(10,196)
196 format(1Ox,'DAY 2')
if(time.eq.48)write(10,198)filename
198 format(/,/./,/,/,/,lOx,a9,5x,'DAY 3')
if(time.eq.48)write(10,221)xingt,yingt,rad
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221 format(/,10x,'half the pipe spacing = ',f4.1,' inches',6x,
& 'slab thickness = ',f3.1,' inches',6x,'pipe radius = ',f3.2,' inches')
if(time.eq.48)write(10,222)nl,watts
222 format(10x,'location of pipe = ',i2,' (2 - 8)',12x,'power density =
& f3.1,' watts/sq.ft.')
if(time.eq.48)write(iO,223)twn,twd
223 format(1Ox,'nighttime water temperature = ',f4.1,' (F)',3x,'daytime
& water temperature = ',f4.1,' (F)')
if(time.eq.48)write(10,199)
199 format(/,3x,' TIME TAIR F1 F31 F61 F91 F121 M5 M35
& M65 M95 M125 C9 C39 C69 C99 C129 TW',/)
if(time.eq.8)goto19i
if(time.eq.9)goto191
if(time.eq.17)gotoi91
if(time.eq.32)gotol91
if(time.eq.33)goto191
if(time.eq.41)goto191
if(time.eq.56)gotol91
if(time.eq.57)goto191
if(time.eq.65)gotol9i
if(time.eq.72)gotol9i
193 continue
if(time.lt.tfin)go to 131
191 write(6,192)timetavg,t(1),t(61),t(121),t(5),t(65),t(125),t(9),t(69),t(129)
192 format(ix,f4.i,f8.1,2x,3f6.1,3x,3f6.1,3x,3f6.1)
195 continue
if(time.lt.tfin) go to 131
close(10)
stop
end
